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NOTE: 

the first floor is a cafeteria and 
is lighted by Wakefield Stand- 
ord Pacemakers. This type of 
inexpensive luminaire, with about 
half the light going up and half 
down, makes a room bright 
and cheerful and lends inviting 
sparkle to the food. 





75 footeandles everywhere... 
and not a shadow anywhere 


New Libby, MeNeil & Libby 


For the general office of this new Canadian Such multi-function ceilings as this one, which 
Building, Chatham, Ontario 


buildin urchitect J. W. Storey put 75 foot- covers 6000 square feet, are a Waketield spe- denbtinats 3. @. Sten 
candles of clare-free, shadow-free light on the cialty \ complete pac kage, complete with Electrical Contractor: J. V. 

= Me Donnell Electrical Construction 
desk tops by using a Wiakon® vinyl! ceiling mechanical and electrical systems, they can Company Limited, London, Ontario 


with lamps mounted on 36” centers directly be designed to fit any shape or size of interior ectrical Consulting Engineer 
gor, Anderson and Beynon, 
over the acoustical baffles and are installed in their entirety by an electri- oronto, Ontano 


cal contractor. 
The result is a working environment conducive 


to davilong efficiency and high morale. 


For brochures describing and illustrating this and other 


Wakefield multi-purpose ceilings, write to 


THE WAKEFIELD COMPANY 


VERMILION, OHIO 


WAKEFIELD LIGHTING LIMITED 


LONDON, ONTARIO 
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Baitaing for profits, Handy-Andy Supermarket specified Day- 
Brite Luvex® fixtures for Store No. 16 in San Antonio, Texas. Here, 
as in large stores and small throughout the country, lighting by Day- 
Brite makes the big difference. 
DAY-BRITE 
Sighting Tirtu 24 


A modern Day-Brite store-lighting installation has many advantages, 
all leading to increased sales and profits: it attracts customers by dis- 
playing your merchandise to best advantage . . . encourages shoppers 
to stay longer, buy more, come back oftener . . . cuts down on merchan- : ee 
" : — , Day-Brite Lighting, Inc. 
dise returrs . . . is especially effective in self-service areas. . 

. 5432 Bulwer Avenue 
If you want your store to appear in its best light, call your Day-Brite St. Louis 7, Missouri 
representative— he’s listed in your phone directory. Or, send for store- 


lighting information. 


NATION'S LARGEST MANUFACTURER OF COMMERCIAL AND INDUSTRIAL LIGHTING EQUIPMENT 
1A 
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GUARAN TRY 


SS iuitiea & Company agree to correct, by replace- 
ment or repair at its option and conditioned upon 
return to our factory for inspection, such Starring 
Ballasts as may fail in service within a period of 
three years from date of shipment, provided that 
conditions of operation have been normal at all 
times and that the Ballasts have not been subjected 
to abnormal stresses from such causes as incorrect 
primary voltages or frequency, or improper ventila- 
tion. This Guaranty is limited to replacement or 


repair of defective parts, free of charge. 


STARRING & COMPANY, INC. 


1600 Seaview Avenue Bridgeport 8, Connecticut EDison 4-0108 
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New fixture wire virtually ends breakdown 
from heat and moisture in recessed fixture leads 


Everyone agrees that a good recessed lighting fixture must 
be good throughout. It must operate faithfully so that 
callbacks and customet complaints are kept to a minimum 
Until now, a major source of trouble has been failure 
caused by breakdown of the insulation of the lead wires 

The se | tilure s were usually caused by a combination ot 
excessive heat and moisture trapped in and around the 
fixture. The problem is solved by General Electric's new 
silicone rubber wire. It operates safely at conductor 
temperatures as high as 200 C. And it has excellent resist 
ance to moisture and heat-aging as well 

Listed by Underwriters’ Laboratories, Inc., G-E silicone 
rubber wire meets the acute demand for fixture wire rated 
at least 150 C for use in wet locations. Because it is flex- 
ible, clean-stripping, and easy to handle, G-E silicone 

} 


rubber wire requires no special installation techniques. 


SHOW THEM YOU'VE GOT !IT—Just 
display this tag. It proves your fixture 
Is protected by G-E silicone rubber 
wire against insulation failures due to 
heat and condensation. And you can 
give your fixtures an extra boost by 
taking advantage of G. E.’s free pro 
motion folders to include in your fix- 
ture packaging. When you use G-E 
silicone rubber wire, the tag and the 
packaging folders are yours, for the 
asking, from General Electric. 


FOR COMPLETE SPECIFICATIONS and a sample. write 
Section W180-1078, Construction Materials Division, 


General Electric Company, Bridgeport 2, Connecticut. 


Progress /s Our Most Important Product 


GENERAL GQ ELECTRIC 
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SPECIFY CURTIS STORE-LITER 


it's tops in style, in utilization, in value 


CURTIS LIGHTING, INC. 


6135 W. 65th ST., 


in California 
42 S. Anderson St 
; Angeles 33, Calif 
in Canada 
195 Wicksteed Ave 
rant? 47 
to 17, Canada 
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Curtis Lighting, inc., Dept, 0-2, 6135 W. 65th St., 
Chicago 38, Ill, 
Send information on Curtis Store-Liter luminaires to 


Name 
Affiliation 
Address 
Zone State 





Silent Partner 


To America’s Finest Lighting Equipment Manufacturers 








JEFFERGON CITY ELEMENTARY SCHOOL INSTALLATION, MOLINE, ILL 

LUMINAIRES GY MITCHELL LIGHTING, OIVISION OF COMPO CORF. 
A Fluorescent Lamp Ballast is used to . . . preheat lamp electrodes . . . start the 
lamp with a controlled high voltage and current surge . . . limit and control voltage 
and current at lower lamp operating levels. To efficiently perform these important 
functions requires a precision built, dependable Fluorescent Lamp Ballast... a ballast 
of outstanding performance to which lighting equipment manufacturers can entrust 
the reputation of their product. ADVANCE Fluorescent Lamp Ballasts have earned 
this trust . . . merited the title . . . “Silent Partner”. 
To achieve this position, ADVANCE TRANSFORMER COMPANY has developed 
and maintained a program of continuing research. It has built . . . a team of skilled 
employees utilizing modern production methods . . . a system of quality control and 
diligent inspection . . . and to further serve, ADVANCE has established a coast-to- 
coast organization of authorized service-stocking distributors. Yes, it requires all 
these ADVANCE facilities to completely serve America’s finest lighting manufacturers. 


Whether you manufacture, specify, install or maintain fluorescent lighting, investigate 
the fluorescent ballast line that America’s leading lighting manufacturers have made 
their “Silent Partner”. 


ADVANCE 





[RANSFORMER CO. 
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Wharshall 7] a — tial 1956-1957 


sci Lcepsitiny Se 
uminating —ngineerting on ociely 


D vrs the administrative year of 1956-1957 


the Il! 


second 


iminating Engineering Society will embark on its 


half-century of existence. Its continuing success 


seems assured. 


through its 
man elected 


Waterman, th« 


Assured, not only constructive 


new programs, but through the 


Marshall N. 


to guide their 


ipplication. In membership has 


chosen. a man who was himself the instigator of man rf 


the progressive plans now under w iy, and active in the 


formation of numerous others. Mr. Waterman’s activity in 


behalf of I.E.S. has long been a factor in its 


progress 


Indeed, on oceasion his 
} 


time, and talent for leadership, have 


ven in demand from several directions at the same time! 


is elected General ‘ tary, he was 


of the Finance Committee, and Chairman 


Section, the 


il! in of the Advisory 


Poliey 


Committee on Lighting Study Proj 


has, of course, been a member of 


imerous othe ‘ committees 


many phases of illumi: ing ines ig, 


consideralb demand has 


been in 


ial Conference programs part 


the I and Canada, and in 1952 was invited t 


French 
His 


were tu 


to presen 


paper before the Illuminating Enginering Society 


in Toulouse, Frances contributions to 


distinguished 


luminating engines recognized 


ring 
Fellow of LE » TLE 


recently 
in his election as a 
page 153A). 
In industry, Mr 


September 
1956, 


Waterman is assistant commercial engi- 


neering manager of the Westinghouse Division, 


Bloomfield, N J 


nearly 


Lamp 
Active in the lighting 
Mr. Waterman 


Institute of 


profession for 


thirty years, graduated from 


1924 


was 


Massachusetts Technology in with an 


OCTOBER 1956 Varshall N 


joined the 


1926 he 
Hudson 
later became a 
War 
director of the 
end, he 


months in 


lighting 
Electric 


supervisor 


electrical engineering degree. In 


Central Gas and 
Corp., Poughkee psie, i 


of lighting 


sales department of the 
and 
1942 he 
Washington, D. C. as 
With the 


for three 


sales. In joined the Production 


Board in assistant 


Building Materials Division. war's was 


issigned to England 
1945, as deputy 
Teehnical 


World 


and Germany 


director of the building construction team 


of the Intelligence Committe 

War II, Mr. Waterman 
staff of the Electrical 
York City. In 1948 he 


staff 


Following became a mem 
ver of the 


ories, Ine., in New 


executive Testing Labora 


joined the West 


nghouse Lamp Division as assistant to the 


manage! 


commercial engineering. He was made assistant manager 


xiomatie that a man who is already con 


would be active as well in many other 


iddition to his Illuminating Engineering 


Society activities, Mr. Waterman is a past-chairman of thi 


Saies ( 


Institute, 


Electrical 


Lighting ommittee of the Edison Electric 


ind is associated with the American Institute of 
Illumination, 
National] 


French 


Engineers, the International Commission on 
the American 


for the 


Standards Association. the Society 


Prevention of Blindness, and the Illuminat 


ing Engineering Society. 

Summit, N. J., Mr. 
Serena, and two sons Frank and George, now live in 
ham, N. J Here too he 


Board of Trustees of the Stanley Con 


wife 


Chat 


\ native of Waterman, his 


in civic affairs, currently 


serves 


member of the 


as a 


gregational Church in Chatham. In summer he is a resident 


of Madison, Connecticut, where his hobby is sailing a 16 


foot sloop on Long Island Sound 


Waterman, President I.E.S.. 1956 
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Lighting Requirements for Older Workers 


By SYLVESTER K. GUTH 
A. A. EASTMAN 
j. F. MeNELIS 


our modern work world doubled to make a minimum threshold target visible 

machines, methods and to the fully dark-adapted eye. While dark adapta- 

increasing automation, tion and threshold conditions are not typical of 

more complicated and most visual situations, it is logical to conclude that 

nent for continual such effects of age probably also are reflected in 
rformance can b suprathreshold seeing 

Most tasks are dk In a previous paper,* an evaluation of experi 

? workers. How mental data in terms of age groups indicated a defi 

ind aceuraey nite trend toward the need for higher footeandle 

on ho e) levels by older workers. However, an insufficient 

number of observers, especially in the older age 

eroups, did not make a detailed analysis possible 

Furthermore, in this earlier investigation, no sp¢ 

attention was paid to tl ; ti ‘ondition 

the ¢ f the observers. The ' it was felt 


desirable to make an additional study in whicl 


these factors could be taken into consideration 


In order to create comparable conditions for 


visibility measurements it was, of course, necessary 
‘reate an equal refractive status of the observers 

n all age groups. Provided that this could be 
rccomplished, one may base the experimental ap 
proach on the following premise: any differences of 
visibility levels obtained by observers in various age 
groups must be attributed to factors other than 
ve differences. Such factors could, for ex 

imple, be a decrease in retinal sensitivity with age, 
an increase of optical opacities in the ocular media 
of the aging individual, a decrease of response 
threshold in the visual centers with advancing age, 
r a combination of these or other factors. The 
present study is only concerned with the effect of 
age on visibility and not with the fundamental 


‘auses that mav bring about this effect 


Experimental Procedure 


Visibility measurements were made with the 

Luekiesh-Moss Visibility Meter* 5 by 100 observers, 

most of whom had never used the instrument be- 

fore. No special selection of observers was made 

except to exclude those who had pathological or 

nation must uncorrectable optical eye defects. The observers 
included typical office and laboratory workers 

whose ages ranged from 17 to 65 years. The dis- 


tribution of ages permitted a convenient grouping 
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TABLE I — Average Visibility Levels Obtained by 
Observers in Various Age Groups for Several 
Footeandle Levels When Viewing 6-point 
Type at a Distance of 16 Inches. 


Age Group 17-2) 31-40 41-50 
Average 

Age 19 
No. of 

Observers 12 


Average 
All Groups 


Footcandles Visibility Level 


i ; 12 . 4.4- 


for an analysis of the experin 
tinent ini lation regardal 
sented in 

In orde termine rel 


( ke d by 


This involves 


server Was ¢! 


refraction.’ ition 


visibility eter whi 1 | conjun 

and 
nvolve 

mination of e ower required to enable an 


observer to achieve maximal visibility with stand 


ardized viewing conditions. Tl ias been found to 
and useful m determining 


The viewing distance of 16 


be an accurat 
refractive errors.’ 
check was the same as 


Those ob 


inches in the sensitometric 


that used in the main investigation 


glasses for near visual 


servers normally wearing 
work wore them during the sensitometric examina 
Each 


observer was provided with additional correction, 


tion and during all subsequent test periods 


f 


if needed, as determined by sensitometry. In other 
words, the vision of each observer was made emme¢ 

tropic, or so-called normal, for the viewing distance 
of 16 inches used in this investigation. This is par 
ticularly important for presbyopic observers whose 
normal near correction may be for distances other 
than 16 inches 


experience no difficulty because of their wide am 


Younger observers normally would 
plitude of accommodation. Thus, insofar as was 
possible, all observers were placed on an equal r 
fractive basis 

Each observer made a series of ten measurements 
of the visibility of ten 7-letter words which con 
letters ascenders or descenders 


tained no with 


Words were selected which were similar near the 


threshold, such as nervous, concave, measure, ete 
They were well printed in 6-point type on white 
paper. A style of type was especially selected for 
its simplicity and uniformity of width of stroke 
The size, which is slightly smaller than that nor- 
mally used for text material, was chosen so that 
visibility measurements would be within the limits 


of the L-M visibility meter for the footcandle levels 
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FOOTCANDLES 


80 











40 

AGE 
Figure |. Illustrating the decrease in visibility level of 
well printed 6-point type with increasing age for several 


levels of illumination. 


stigation ivail 


Visibility data ai 
able for various sizes and styles of type.* The ob 
servers were permitted to familiarize themselves 
with all words prior to the test in order to avoid a 
learning process for word recognition during the 


test. In the investigation the words were presented 
one at a time in random order and the observer was 
required to name the word upon recognition. At 


each presentation the threshold of visibility was 
determined 


Measurements were made with levels of illumina 


tion ranging from 10 to 100 footecandles. Care was 
taken to insure that the surroundings had minimal 
effect upon the observations. The visibility data for 
each observer were plotted and from the resulting 
curves the footcandle levels necessary for him to 
obtain visibility levels of 3, 4, 5, 


These 


7 and 10 were de 


termined footeandle levels have been used 


for the analyses in this paper 


Visibility at Various Footcandle Levels 


The average visibility levels attained by each 
age group for 4 levels of illumination are presented 
in Table I and are illustrated graphically in Fig. 1. 
The decrease in visibility is gradual up to the age 
of about 45, after which the change becomes more 
pronounced. The oldest and youngest groups at- 
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rABLE Il — Relative Visibility Levels in Terms of in terms of the visibilitv level obtained bv each 

(A) the Visibility Obtained by the Youngest Group vroup with 20 Siiteneiiies show that all age groups 

and (B) the Visibility Obtained by Each Group _ 
With 20 Footeandles. 


receive the same relative benefits as the illumina 
tion is increased. When the illumination is raised 
Average progressively from 20 to 30, 50, and 80 footcandles, 


Age Groups All Groups 
St 


30 «631-40 41-50 51-60 61-65 the average Improvements in visibility are 23. 68, 


A = ae of youngest group and 142 per cent, respectively. It is interesting to 
note that the improvement obtained when increas 
ing the illumination from 30 to 50 or from 50 to 80 
footcandles is about equal, being 37 and 44 per cent, 


B. In terms of visibility with 20 footcandles respect ively 


Footcandles for Equal Visibility 


Another, and perhaps more practical analysis of 
the data can be made in terms of the footcandles 
required for achieving equal visibility. These are 
presented in Table III-A, and plotted in Fig. 2 for 


several visibility levels. As in the preceding analy- 


level of slightly less than 7 with 80 


ind 50 footcandles, respectively. An analysis of the 


visibilities of the various age groups in 
the visibility level of the youngest group sis, illumination remains relatively constant for a 
A) shows that each group has a fairl specific visibility level until an age of about 45 or 
constant and equal decrease for all footeandl 90 when the lighting requirements increase more 
levels. The oldest group has the greatest reduction markedly. Since the older observers, all of whom 
in visibility, the average being about two-thirds were presbyopic, were provided with the proper 
that of the youngest group correction for the 16-inch viewing distance. the 
The relative visibilities tabulated in Table II-B. need for higher footecandles is not considered a 


function of uneorrected refractive errors 
Approximately 30 footeandles will provide the 


youngest group with a visibility level of 5. How 





ever, the oldest group will achieve a visibility of 


t y only about 3.5 with this illumination and required 
VISIBILITY LEVEL = 


+ 


58 footeandles for a visibility level of 5 


Using the youngest group as a basis of compari 





son, the next three older groups require 5, 8 and 17 
per cent more illumination. It should be noted that 
these values are fairly constant for all visibility 
levels However, the percentage increases for the 
two older groups become smaller. The values for 


the 51-60 age group range from 45 down to 28 per 


b 
°o 


ent for visibility levels of 3 and 10, respectively 





FOOTCANDLES 
w 
° 


TABLE Ill —Average Footeandles and Relative 
Footeandles Required by Observers in Various 
Age Groups to Obtain Several Visibility Levels. 








Visibility Average 
Level Age Group All Groups 
21-30 31-40 41-50 5) 61-65 
A. Footcandiles 
— t t + _ e 12 13 
26 36 46 ' > SS 
AVERAGE AGE OF GROUPS ~ — os 
= | , ' ” 
oe ~ 30 Relat Footcand! 
n 
: AGE s a a 1 es 
Figure 2. Illustrating the increase in illumination re- os ave — 
467 


mor 














quired by various age groups for specific visibility levels. 
The visual task was well printed 6-point type. 
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TABLE IV — Footcandles Required to Obtain a Visibility Level of 5 for Each of 100 Observers, 
Arranged According to Decreasing Footcandles within Each Age Group. 


Age Group 


21 31 


ft-c ft-c 


i4 

45 2 51 
44 l 

4 


‘ 


The differences are even more marked for the olde 


vroup as shown in the following tabulation 


Visibility Level 3 | 5 
Increase in footeandles, 
per cent 109 100 §] 

These values indicate, for example, that about twic 
as much illumination is required by the older work 
ers for a visibility level of 3, and only half again as 
much for a visibility level of 10 

The footcandle 
indicate that all except the oldest 


I11-B 


require 


Table 


group 


relative values of 


change in illumination 


These find 


about the same percentage 
for a given improvement in visibility 
with the relative 


ings are in agreement visibility 


data of Table II 


progressively smaller percentage increase in foot 


However, for the oldest group, a 


candles is required as the visibility level is in 
That is, a doubling of the illumination is 


for the oldest observers and will pro 


creased 
ire effective 
ide them with a greater improvement in visibility 
than the This is in agreement 
Weston ° 


that for a given visibility level, footeandle requir 


younger groups 


with However, it must be remembered 
ments increase with age and that the base level of 
relative footcandles is different for each group. The 
higher footeandle requirements indicate that th 


differ 


Similarly, th 


need a greater brightness 
level 


greater absolute differences in illumination for visi 


older workers 


ence,'® for a given visibility 
bility levels of 3 and 10 required by various age 
groups show the need for an increasing brightness 
difference for a given improvement in visibility 
These 


groups are 94 and 71, respectively 


differences for the oldest and youngest 


These indicate 
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* Olde r Worke rs 


40 51 60 


Age ft-c Age 


tf 


l 62 4 i4 


that, for the specific task used in this investigation, 
the former require a 30 per cent greater brightness 


difference for the same improvement in visibility 


Differences Among Subjects 

Space does not permit presenting all the individ 
However, Table LV which 
5 is typical for illustrating differ 


ual data s for a visi 


bility level of 


In this table are presented 


ences among observers. 
footeandles for equal visibility related to the age of 


each observer. They are arranged in order of d 


creasing footcandles within each age group. As 


would be expected, the range of illumination ré 


quirements for all observers is large, being from 15 


to 105, with an average value of 37 footeandles 


Furthermore, large differences exist among ob 
servers within the same age group and among those 
of the same age. The average deviations within the 
age groups vary from 27 to 35 per cent. It is inter 
esting to note that a 33-vear old observer required 
the lowest and a 55-year old observer required the 
highest level of illumination. Despite the scatter of 
the individual data, a definite increase in lighting 
requrements with age is indicated by the averages. 

The scatter of the data of Table IV emphasizes 
how much more revealing the data of individual 
observers are than gross averages. Individual ob- 
servers generally are very consistent by themselves, 
as was demonstrated in our previous paper.* The 
same consistency was found in this investigation 
Plots of individual curves relating visibility and 
footeandle level were remarkably parallel. This is 
shown in part by the group data of Table II-B. 


Average deviations of individual data are relatively 
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WOPK 
back 
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Luminous Ceiling 
For a Dental Clinic 


rooms of 


Wis., 


ih 


indies mau 

iminous ceiling installations in 
Dr. Arthur ™. Gabriel’s denta 
reducing brightness contrasts wit! 


ita Rot} 


ighting unit Bo loctor and patients 


‘ 
inst 


allation comfortal 


lation was entered by Richard L. Garber, Light 


i ngineer, W isconsin 
Milwaukee Section’s 


ighting Jol 


Electric Power Co.. Milwaukee, in 


contest for My Most Interesting 
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Carbon Arcs for 
Television Studio Lighting 


before color when 


B CK IN 1946 “Bi 


the television industry was still quite young, carbon 


“ict 
ehting. Earlies 


ares WV e used for studio | 


appli 
ation was of motion picture studio positive carbons 
ior Duracs and spotlights, and later high intensit) 
carbons were used for process or rear projection 
In fact, they still are 

Although the spectral characteristics of light 
sourees are ol secondary mportance in black and 
white television. they assume 


primary importan 


in color television. The spectral requirements of 
color television and the characteristics of a numbet 
of available light sources are generally well known, 
but recent developments have had considerable in 
fluence on the suitability of are carbons for black 


and white and especially for color television 


Process Projection 


The most frequent application of the carbon are 
n television lighting both color and monochro 
matie isasa light source for process or rear pro 


ection. It is particularly adaptable to color projec 
tion, where a minimum screen brightness of 300 
footlamberts is required on the camera side of th 
projection screen 

Some studios use an 1] illimeter high intensity 


13.6-milli 


® inch aperture gives a 


projector positive carbon, although a 
meter carbon with a 4 by 
more favorable distribution of light on the screen, 
as well as a higher illumination level. The 13.6 
millimeter carbon operates in the 125-160-ampers 
range, and Fig. 1 illustrates the spectral energ, 
distribution of the light from the crater of the car 
bon when operated at 150 amperes. Still better 
light distribution can be had by using a 16-milli 


ter high intensity studio carbon operating in the 


150-160-ampere range, although the total screen 
light may be decreased somewhat because of the 
lower current density and brightness. The 16 
millimeter super high intensity studio carbon at 


vention 
Hote! 
published 
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By R. B. DULL 
j. G. KEMP 


225 amperes has the same current density as th 


13.6-millimeter projector carbon at 160 amperes, 
and its brightness is midway between that of thi 
latter carbon and the regular 16-millimeter studio 
carbon. It may, therefore, be more advantageous to 
use it than either the regular studio or 13.6-milli 


meter projector carbons 
Most of the 


from the crater of the positive carbon, with a color 


light for process projection eomes 


temperature in the 5900-6600 K range. The carbons 
mentioned above can be used without filters for 
black and white rear projection, and also for color 
entire stage is illuminated with 
If the stage is illu 


projection if the 
the same type of light source 
minated with incandescent tungsten, however, fil 
ters must be used with the carbons to reduce their 
color temperatures so the two types of lights can be 
mixed without noticeable visual effects. Use of such 
filters reduces the usable light from the carbon are 


by approximately 40 per cent 


Color Modified Carbons 
The high light levels required for process projec 


tion in color television make the carbon are very 


attractive, and a color-modified carbon has been 


1 1 i peices eee 
400 450 500 550 600 650 700 
WAVELENGTH IN MILLIMICRONS 


Figure 1. Spectral distribution of light from crater of 
13.6-mm carbon when operated at 150 amperes 
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Figure 2. Spectral energy distribution of average crater 


light from experimental 13.6-mm carbon at 150 


amperes. 


hat can be mixed directly with inean 


More 


carbon, the 


esten without the use of filters 


being used 


motion pl 


effects on the 


ess projection. The 16-millimete 


t irbon is di 


vy vellow flam« 


>) 
at > amperes 


-- | 

ntal vellow flame carbons have been 

aluation in television studio light- 
ration in 


to 160-ampere range, and the other a 13.6 


millimeter carbon for operation at approximately 


150 amperes. Figs. 2 and the spectral energy 


average crater light fron 


tal 13.6-millimete1 


bution of the 
arbon at 150 amperes 
arbon at 160 amperes, r 
the similarity. A flatter curv 
is Obtained when the 16-millimeter 
225 amperes 
haracter 


at bons W he 


rABLE |! 
With §/2.0 Optical System 


Max. Screen 


Carbon Arc Amps Lumens 


Carbon Arcs for Television Studio Lighting 


Usable Light 


EE 


00 450 500 550 600 650 

WAVELENGTH IN MILLIMICRONS 

Figure 3. Spectral energy distribution of average crater 
light from 16-mm carbon at 160 amperes. 


condenser-ty pe Jomm motion picture projection 
lamp with f/2.0 optics, and with a 0.600 by 0.825 
inch standard 35-mm motion picture sound aper 
ture and an f/2.0 projection lens. A 4 by 5 inch 
aperture is commonly used for process projection 
n television studios. Apertures and optical sys 
ms for motion picture projection differ so widely 


from those for 


process projection in television 
studios that light on the process screen in the latter 
case cannot be readily calculated from the data in 
Table I. The data do, however give an indication 
of what can be expected of the various carbons 
The third column of the table gives the total 
screen light when the lamp is adjusted for maxi 
mum sereen light. These figures indicate that the 


13.6-mm high intensity projector carbon at 150 
mperes produces more light than any of the other 
arbons listed. The magnification of the optical 
system, however, is such that there is considerabl 
spill-over of light around the motion picture ape 
ire when 16-mm carbons are used, and therefore a 


Column 4 


zeable portion of the light is wasted 


Sereen Ulumination with Condenser Type 35-mm Motion Picture Projection Lamp 


— 0.600 x 0.825” 


Aperture. 


Relative Radiant 
Energy Flux at 
Center of Aperture 


Side -to-Center 
Distribution 


Approx. Relative 


in Lumens Screen Light 
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Figure 4. Spectral energy distribution of 16-mm carbon 


operated at 225 amperes. 


hows the usable light produced by each of the car 
bons, assuming 40 per cent filter loss with non-color- 
modified carbons, and that no filter is needed with 
the yellow flame carbon 

Column 5 gives the relative screen light with the 
13.6-mm high intensity projector positive carbon as 
a base. Under the conditions described above, the 
experimental 13.6-mm high intensity yellow flame 
carbon produces 55 per cent more usable light than 
its non-color-modified counterpart. In general, the 
ellow flame carbons produce 35 to 60 per cent 


more usable light. 


Figure 5. This scene from “The Ten 
Commandments,” Cecil B. DeMille’s 
VistaVision picture for Paramount, 
illustrates how the motion picture in- 
dustry uses the carbon are to create 
the effect of open shade and give the 
illusion of ai semi-open structure. 
Loyal Griggs, A.S.C., was director of 


photography. 
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Carbon Arcs for Television Studio Lighting 


TABLE If — Color Temperature of Crater Light. 


Color 
Temperature 


Carbon Amperes 
150 


Column 6 shows that the experimental yellow 
flame carbons produce higher side-to-center light 
distribution than do their non-color-modified coun- 
terparts. This is probably because of a change in 
shape of the luminous gas ball in the shallower 
craters of the positive carbon. Since there is little 
or no difference in the crater depths of the two 
super studio carbons, there is no difference in side- 
to-center light distribution 

Since television techniques call for the continu- 
ous projection of a slide for as long as 30 minutes 
or more, heat at the aperture is an extremely im- 
portant factor. The last column of Table I com- 
pares the relative radiant energy flux at the center 
of the aperture with that produced by the 13.6-mm 
carbons. 

The color temperatures of the light from the 
raters of the various carbons are listed in Table I] 
As previously stated, the color temperatures for 
non-color-modified carbons are in the 5900K_ to 
6600K range. That of the two experimental yellow 
flame carbons is 3400K, whereas the color tempera- 


ture of the 16-mm super high intensity yellow flame 
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Figure 6. The carbon are is unequalled when it comes 
to creating sharp shadows, as illustrated in this scene 
the Metro-Goldwyn-Mayer 


Robert Planch, A.S.C., 


from 


picture “Dianne.” 


was director of photography. 


s 4100K. T 


latter color tempera 
too high without filtering, 


ated above. the motion pieture industry 


‘ction when photograph 


ror process proj 
3400 K 
‘olor temper 


from CIE 


th 3200 to filn 


Table II were 


hromatie coeffici 


atures in deter 


tric nts obtained 


om spectral energy distribution of the 


curves 


crater radiation 


Special Lighting Effects on Stage 


In addition to process projection, the carbon are 
is a useful light source for creating special lighting 
effects on the 


useful tor 


television studio set. It is extremely 
light 
considerably higher than that for general 
Fig 


picture industry has 


simulating sunlight where the level 


5 illustrates how the 
used the 
create the effect of open shade and give the illusion 
of Without this 


lighting effect the scene would appear flat, and th 


lumination mo 


carbon are to 
structure 


a semi-open 


special 
illusion of a semi-open structure would be greatly 
reduced, if not lost altogether 

The carbon are is also capable of creating sharp 
At other light 
earbon In 


is well defined 


shadows present, no source ean 


qual the are in this respect Fig. 6 th 
shadow pattern of the window lattic: 
on the wall, not only creating the effect of 
the 


The number of special lighting 


sunlight 


streaming through window, but also giving 


depth to the screen 
effects that can be 


in this manner depends upon the 


ereated by using the carbon ar 


ingenuity of tl 


studio lighting engineer 
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Lighting for Audio-Visual Teaching 


i. UsE of projector-type educational 


visual aids has experienced a phenomenal growth 
during the last few years. As an example, during 
the period 1940 to 1955 the use of educational films 
increased six times in the elementary and high 
In the same period the use of films in the 
college field increased ten times. With the current 


schools 


general shortage of teachers and overabundance of 


students, the use of audio-visual material has in 
creased the efficiency of education helping to over 
‘ome this unbalanced situation. Audio-visual ma- 
terial is used in many phases of education. In 
military training the use of sound films and film 
strips has been an important factor in the success 
of the many varied training programs. In Sunday 
morning religious training the use of films and 
slides is standard procedure in many churches and 
is a common experience to even the four- and five 
year-olds. In industry in the orientation courses 
and in the technical conferences and the sales and 
staff meetings visual presentations by projection 
are extensively used. These are typical examples 
of the wide-spread use of audio-visual projection 


material in today’s teaching techniques 


Figure 1. The use of educational films is becoming an 
increasing factor in teaching techniques. Use of films 
in schools increased six times between 1940 and 1955. 
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Room Darkening 


With the growth of audio-visual education, sig- 
nificant progress has been made in the performance 
of projectors, the efficiency of projector lamps and 
the reflectance characteristics of projector screens. 
The accumulated effect of each announcement of 
each improvement in efficiency apparently has led 
to a generally held belief that daylight projection 
is possible and room darkening is no longer neces 
sary. The goal that motion pictures or slides should 
be shown in the normal classroom lighting environ 
ment is desirable and probably some day will be 
attained. Under certain limited conditions it can 
be done now. For instance, a black and white lin 
drawing slide projected on a directional typ 
screen from a high-output modern projector may 
be reasonably visible with considerable stray light 
on the screen. As a specific example, the projected 
image of the black and white line drawing of the 
young lady in Fig. 2 was still quite visible when 
over 200 footeandles of stray light was on the 
screen. In contrast to this, the original color trans- 
parency slide of this young lady was quite unsatis- 
factory in detail and contrast when only 20 foot 
candles of stray illumination was present on the 
screen. The projector for this test was a relatively 
powerful projector and was providing 20 foot- 
andles on a beaded screen and the observer was 
located beside the projector 

In addition to the various types of projected 


Figure 2. An example of the wide range of brightness 


contrasts which are common in motion picture and slide 


material, 
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Figure 3. An individual seated to one side of a projector 
does not see as brilliant an image on a glass-beaded 


sereen as one who is seated beside the projector. 


nother factor which affects the degree of 
required is the location of the viewer 
the projector axis and with respect 
stray light on a directional type 

t of this condition is shown in the 

same projected slide projected on 
veaded screen, “ig In one cas 
ho is seated to one of the classroom, 
age illustrated in the and photo 
nd may properly complain that the picture 
ind appears washed out. The teacher, who 


lavor 


le the projector, the most 


1 
Hesic 


sees an image which brilliant 


as good contrast in tl pictur 


is wrong with Johnny’s eyes 


‘ xample S rliustrat 


chers 
the lassroon 
omplain of th 
visual presentations in their 


nount of daylight 


nderstand the problem of audio 
techniques fully, it is necessary to 

nitations and eapabilities of modern 

nps, projectors, and screens and also 

» of proper room darkening and room 

The goal of room darkening is to provide 
ntrolled dim-out and not complete blackout. Illu 
nation should be subdued and properly balanced, 
that seeing is comfortable and attention is di 
the screen. Some illumination is also 


so that there may be visual contact be- 
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tween teacher and student. and so that simple notes 


may be taken if desired 


In schools, it is generally conceded that audio- 
visual presentations should be made in the regular 
lassrooms and that the auditorium or special audio 
visual room be used only for very long programs or 
for large groups. In many of the modern audi 
torlums there are no windows and the darkening 
problem does not exist but in classrooms a dim-out 


daylight control is necessary 


Projectors 

There are a number of different types of projec 
tors used in audio-visual teaching ; among these the 
16-mm projector is the most generally used. The 
reason 1s that there is more educational material 
available on 16-mm sound film than on any other 
form of film or slide media, and it is constantly 
increasing. The next most widely used is the 2 x 2 
inch projector which can be adapted also for 35-mm 
slides and film strips. The great advantage of this 
last projector is the wide use of the 35-mm camera 
and the ease with which locally prepared slide ma 
terial can be produced. In some fields of education 
the 2 x 2-inch or 35-mm slides will constitute the 
major amount of projected material. In addition 
to these two, there are three other types of general 
purpoes projectors which are useful and commonly 
used. They are the 314 x 4-inch slide projector, the 
overhead projector. 


opaque projector, and the 


While the 314 x 4-inch size is being supplanted by 
the more convenient 2 x 2-inch and 35-mm slides, 
it is still widely used. Because of its larger size it 
is advantageous where there is a need for hand 
colored slides. One advantage to hand-colored 
slides is that they usually have a higher average 
transmission than typical color transparency slides 
and thus a higher screen brightness. This observa 
tion is based upon the practical experience of the 
photographic section at Nela Park which has proc- 
essed thousands of slides of each type during the 
last few years. They have found that typical hand 
colored slides transmit, on the average, about twice 
as much light as typical color transparency slides 
While 1000-watt lamps are generally the largest 


incandescent lamps used in 16-mm and 2 x 2-inch 


projectors there are projectors for 344 x 4-inch 
slides which use 3000- and 4000-watt incandescent 
lamps. Such equipment will deliver 4000 to 6000 
lumens to the screen. Arc-type projectors for 344 x 
t-inch slides are also available where high screen 
lumens are required. Such projectors equipped 
with 45-ampere ares will deliver about 7500 lumens 
to the screen. 


The opaque projector and overhead projector are 
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useful where 


specifically material is not readily 
available in film or slide form. Opaque projectors, 
for example, will project open book pages which 
Although the 


opaque projector is very useful, it depends upon 


may be up to 10 inches square 


light being reflected from paper surfaces and pro- 
duces much lower screen brightnesses than those 
which project the light through a transparent film 
Therefore, 


should be a minimum of stray light on the screen 


when using opaque projectors there 
In one test of 500-watt projectors, it took 4 foot- 
candles of stray light to wash out the screen image 
from a standard glass slide; it took only 0.25 foot 
candle to do the same for the image from an opaque 
projector 

The overhead projector has the advantage that 
illustration material can be prepared by hand on 
large sheets of transparent material without re 
quiring photographie processing. Machines are 
available which will accommodate transparent ma 
terial 10 inches square. Black and white line illus- 
trations can be shown in rooms having considerable 
illumination. Another advantage is that the lec- 
turer can write on a sheet of clear acetate film with 
a grease pencil. The writing appears as dark lines 
on the sereen 

There are two additional special purpose projec 
tors. They are the micro projectors used in science 
rooms and the magnifier projector which enlarges 
ordinary book type to jumbo size for the visually 
handicapped students. This last is a new visual aid 
device and is shown in Fig. 4. This magnifier pro 
jector overcomes the problem of the visually handi 
capped students who normally require large type 


printed books. For the first time it permits these 


Figure 4. A magnifier projector which helps visually 
handicapped individuals to read ordinary size printed 
material. 
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individuals to read any material of customary size 
type. 

Closed network TV is rapidly becoming an edu- 
cational tool. In college teaching, for example, it is 
currently being used to show anything which is too 
large or too small; or too delicate or too dangerous 
to be shown directly before a group. A picture 
viewed on TV differs from the same viewed on a 
motion picture screen because the TV blacks are 
blacker with the black glass tubes, hence, stray 
light is not as serious a limiting factor; also typical 
TV screen brightnesses will average 10 to 15 times 
as much as that of a typical 16-mm motion picture 
While modern projectors are very effective in pro 
jecting clear and brilliant appearing images they 
are inherently rather low in efficiency from the 
standpoint of utilization of the light of the projec 
tion lamp. For example typical 16-mm projectors 
may only produce about 14% of a lumen on the 
screen for each watt input to the projection lamp 
The lamps themselves have a relatively high effi- 
ciency of about 28 lumens per watt in the 750-watt 
size. Thus such projectors have an efficiency of 
about one to two per cent. The 2 x 2-inch and 34 
x 4-inch projectors have approximately three times 
this efficiency as they do not need shutters and the 
aperture openings are not as restricted as the 16 
mm film aperture. Typical projectors of the 2 x 2 
inch and 314 x 4-inch category range between 11% 
and 2 lumens per watt with efficiencies of 5 to 7 pe 
cent. An opaque projector only produces about 
'/:o lumen per watt. The opaque projector is in- 
herently the lowest in efficiency (0.3 per cent 
since the light of the lamp must be reflected from 
a diffused reflecting surface such as the page of a 
book; in all the other higher efficiency projectors, 
the light from the filament is directed by the lens 
system through a transparent medium of varying 


density or eolor. 


Projection Lamps 


A projection lamp standardization program of 
the recent years has reduced the number of com- 
monly used projection lamps, such as used in school 
projectors, from over 100 types down to seven 
lamps shown in Fig. 5. 
least 80 per cent of the modern projectors used in 


These seven will lamp at 


schools. This standardization means, for one thing, 


that fewer lamps are necessary in the audio-visual 
[It also means better lamps, as 


center stock room. 
manufacturing facilities can concentrate on less 
diversified production and thus improve lamp 
quality. 

Only those lamps for which a projector is specifi- 
eally desigued should be used in that projector. 
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Figure 5. Eighty per cent of modern 
projectors may be lamped with these 


seven projector lamps. 
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2 irom ‘ nosition 
i 
ee viewing: and (3 


rather wide angle, 45-degree 


from these illustrations that 


screens vary widely with the 


{udio-Visual Teaching 


Al 


] 


w from the projector axis. The angle 
degrees is the angle at which the typical 


beaded glass screen and white mat screen have 


about the same brightness. At 45 degrees the mat 


white cre is brightest and the beaded sereen and 
} 


‘een are about the same bright 
‘ocessed metallic screen is designed to re 

ight within a relatively small vertical 

angle, but to disperse the light in a rather wid 
horizontal angle. This is desirable when one con 
siders that individuals are generally seated in a 
similar pattern fanning out from the sereen. The 
processed metallic screens, available in specially 


processed silver and finely ribbed aiuminum, are 


available only in flat panels. The beaded screens 


have the advantage of being able to be rolled up 





Figure 6. Three views of a demonstration screen which 

show the relative brightnesses of a glass-beaded screen, 

a processed metallic screen and a mat white screen at 
0-, 22-. and 45-degree viewing angles. 
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and thus are more portable. For widest angle pic 
ture projection, the white-mat screen is best 

The beaded-glass screen has the property 
directing light back on the axis from which thi 
light eame originally. Thus the most brilliant 


Irom the projector position otras 


window also is reflected back on 
someone seated \ } | o the 
disturbed thi 
ay light from windows 
ation of these two effects which explains 
image that Johnny saw was so faint and 
washed out in appearance as compared to the sharp 
and brilliant image the teacher was receiving 
the sereen for classroom use is ge} 
as one-sixth of the maximum prob 
distance. Usually a square screen 1s 
yrizontally and verticaliy 
d equally well. The 
pon considerat 
In typical 


can be seated al 


iils on sereen 


student out 30 
en and thus a 5-foot wide screen is 
"hen there is no small detail as in view 
maximum viewing distance 
based upo atio ¢ be inereased. In some 
lassrooms, 30-inch screens are used with the stu 
dents seated closer to the screen. One natural ad 
vantage of the smaller screen is that significantly 
higher brightnesses can be obtained. For example, 


30-inch wide sereen will be four 
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Figure 7. Portable rear projection enclosures. Much of 
the stray light incident on the translucent screen is 


absorbed by the black interior of the box. 
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Figure 8. A dim ultraviolet image projected on this 
experimental light amplifying screen is brightened ten 
times by applying a voltage across the special phosphor 


surface. 


times the Drightness of a »0-foot 


wide screen when 
the same amount of light is projected upon both 
This increase is inversely proportional to the areas 
ted image 

One projection device which has been used in 
schools has been the portable rear projection boxes, 
Fig. 7. The size of such an enclosing box is gener 
ally limited by the clearance width of typical class 
room doors through which it must pass. In a simi 
lar manner to the TV sereen, much of the stray 
light which is incident on the translucent screen 
is transmitted through the sereen and is absorbed 
in the black interior. Older types of translucent 
screens were rather narrow in their viewing anek 
Translu ent sereens with specially processed sur 
faces are now available, however, which perforn 
similarly to the processed metallic sereens 

A new ft) 


the light an ation prineipl announced by the 


General Electric Re ‘ch Laboratory in 1954. In 


of screen may someday evolve fror 


this new av f research progress an ultraviolet 
source in an ordinary lantern slide projector pro 


jects a slide onto a special sereen coated with a 


phosphor film, Fig. 8 


When an electric voltagc 
was applied to this special screen in one demon 
stration the brightness of the projected image in 
creased ten times. Further research in the phe 
nomena of solid-state light amplification may some 
time in the future help solve the problem of pro 
jecting pictures under ordinary room illumination 
However, because of the need of further develop 
ment of the device, it is not in itself, offered as a 
solution at the present time. 
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Room Darkening Devices 


The trend today is not to blackout the classroom 
for audio-visual presentations, but merely to re- 
duee the amount of daylight which might strike 
the screen and wash out the projected image. The 
Table I, 


coming from the windows, 


show the 


results of investigation, 
light 


which make a typical projected picture unsatisfac- 


one 
amount of stray 
tory. The criterion used by the observers was that 
the picture was unsatisfactory if significant details, 
which were clearly present under darkened condi 
tions, were lost when the stray light was excessive 
These figures show that only a few footcandles of 
stray illumination will produce the washed out 
effect as seen by a student seated to the side of a 


lassroom as illustrated in Fig. 3 


The simplest darkening is accomplished 


room 
through the use of roller shades or opaque material 
which overlap the windows by at least 6 inches 
need 
They 


harmonizes with the 


these shades are 


usually black, they 


g as they are essentially opaque 


olor Whi 


The room-darkening device which seems to have 


met with the most favor is the drapery which can 


be drawn on curtain tracks over the entire face of 


the windows. There are glass fiber base plastic 


draperies available which are fire resistant and 


which have excellent wear-and-tear-resistant prop 


Draperies work especially well with unit 


erties 


window ventilators located beneath the windows. 


By having the bottom of such draperies hang in 


channels on ventilators 


beneath the 


oar” shaped top of the 


leakage draperies is 


annoying light 


TABLE 1 — Permissible Stray Light on Beaded Screen 
from Window Area. 


Projesame 3) /,” x 4", 25/,” 


diam. lens, 16” E.F. 


Screen Maximum permissible stray 
Brightness illumination on screen*® 
ft-L ft-c 
Screen Observation location 
Lamp Size Illumination (degrees from projector-screen axis) 


watts ft-c 22 0 22° 
750 24 90 20 25 6 
18 70 15 


9 
4 


of ht-colored interior scene in projector 


with white card in projector for screen-brightness 


n projector for str: light evaluation 


eliminated. One reason why the draperies are 


popular is that they can be drawn across the win- 


dows as fast as one can walk the length of the 


lassroom. The use of nylon rollers has reduced 


the friction of draw drapery hardware. Draperies 


have also been used on curtain tracks which are 


located about 18 inches from the windows with 12- 


neh or 18-inch clearance from the floor, so that 
the windows may be left open for ventilation. This 


’ 
scheme 


works best on windows which do not receive 
direct sunlight. 
use of draw draperies, glass- 


double 


mounted at the divi- 


In addition to the 
lighted 


hung roller shades which ars 


bloek rooms may be darkened by 


sion between the glass-block area and the vision 


strip. One set of roller shades can be pulled up 
over the glass blocks and the other set pulled down 
over the vision strip 

Where 
shades should be 


darkening IS desired, roller 


light-tight 


complete 


confined in side and 











Figure 9. Top left— Opaque roller 
shades which overhang the windows by 


at least six inches offer the simplest 





means of room darkening. 





Bottom 
hung roller shades provide means of 
block 


provide 


left — Overlapping double 


lighted class- 
daylight 


darkening glass 


rooms and also 


brightness control. 











TieHyT 
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Top right — Draw draperies provide 
a quick means of darkening a room. 
They also have an acoustical and dec- 
orative value. 


Bottom right — Full closure type 


venetian blinds mounted in light trap- 
ping side and bottom channels provide 
and daylight control. 


dim-out glare 
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bottom channels. In lecture rooms where darken 
ing is frequently 
operated by electric motors controlled with limit 
switches. Skylights can be darkened by horizontal 
roller shades which are help close to the opening by 
tight wires over which the roller shade slides. 
Recent developments in the design of venetian 
blinds have produced a blind which closes with 
very little light leakage. When used in conjune 


tion with light-tight side and bottom channels, 
thes 


tive means of 


full-closure venetian blinds are a very effee 
room darkening They also serve 


very well for the purpose of normal daylight 


brightness control. 


Room Lighting 


It may seem paradoxical that after the room has 
been darkened the next consideration is to provide 
light in the room; however, it is generally agreed 
that a completely dark surrounding is not comfort 
able for viewing projected audio-visual material 


The contrast between the sereen and its surround 


Figure 10. A dimmer-controlled indirect light on a 
projector cart can provide a soft light in a room during 


projection. 
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Figure 11. Series operation of like wattage incandes- 


cent lamps reduces their light output to about 10 per 
cent of that at normal voltage. 


is too great. On the other hand, too much surround 
ing light detracts from the projected images and if 
it falls on the screen it dilutes the sharpness of 


the projected Image 


Most existing rooms probably will have no pro 
vision for dimming the existing lighting system, 
and a portable system is desirable. One way of 
accomplishing this is to use an indirect light which 
is part of the projector cart. The indirect reflector 
lamp shown in Fig. 10 is controlled by a small 
variable autotransformer so that the illumination 
in the room can be varied from a footeandle or so 
to complete darkness. About one footcandle seems 
about as much as is normally desired. The exact 
umount will vary with the type of slide being pro 
jected, the type of projector, the type of screen and 


the position of the observer in relation to the screen 


In new construction where incandescent lamps 
such as the silvered bowl lamps are to be used for 
general lighting, a double-pole double-throw switch 
to provide dim-out lighting by placing 


Fig. 11. 


Series operation of incandescent lamps is equiva 


‘an be used 


two of the lamps of the room in series 


lent to operating the lamps at 50 per cent of 
rated voltage, which results in a light output of 
about 10 per cent of normal light output. Thus, if 
30 footeandles are provided in a typical classroom 
with six silvered-bowl lamps, about one footcandle 
'/,; X 1/19 & 30) is provided when the two rear 
lamps are operated in series and the four front 
lamps are turned off. The double-pole double-throw 


switch for this purpose should be conveniently 
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Figure 12. Examples of the various 
types of lighting which help make 


visual teaching more effective. 


} t} Ss 


be dimmed by 
located at the 


Controls are 
nd at the speaker’s platforn 
the 


roo! nas shown that t 


i downlighting 

to about one footeandle ior 
W th 75 watt ind slide pres ntations 
There are occasions whet 


m will provide about 5 to \ write in 

light being projected on the screen. This is possible by 
“black-light” chalkboard. The reflector 
Fig. 14 utilizes a 


onfined just over the 


5 


In a typical case 


on 6-foot centers and operated 
syste the dark at 


disturbing 


TI e white 


s is too much 
usihg a 


above the chalkboard shown in 


cent chalkboard light- 


pro) ted pl tures 
rht in contrast 


hook becomes too brig 
en: ommerel illy available fluor 
reflector. Instead of the regular fluorescent 


ss of a typical nicture on the sere 


f the lamps, even ing 


lamp, it is lamped with a 40-watt black-light fluo- 


brightness « 
filter. 


the full 


\irly well shielded, produces a sense o 
onditions. When reseent 


er darkened-roon 

1 in output by a vari Using fluorescent 
autotransformer so that about one footeandle brilliant colors, writing in 
then the lighting arrang: effective and dramatic 


f ove! 

lamp equipped with a_ black-light 
chalks in the various available 
be Ve r\ 


rlare und 
the dark can 


same lamps are reduces 


PSKS 


ided on the d 


found to be from the 


as been comfortable 
brightness balance of notebook and 
brightness also 


With 


wash-out 


; 


wont o 


stand] 
screen. The reduced filament 
duces the possibility of overhead glare 
arrangement, there is very litth e 
Irom stray light on the screen as the light is 
1 principally to the seating area 
The supplementary lighting shown in Fig, 12 is 
the chalkboard, display material, 


rl to make 
top demonstrations more effective from 
lucational standpoint. Ac 


is makes details easier to see 


may make the 
de 
the use of 


table 

vent lighting on these 
aching ares For per 
sons sea ar of the room, it 
differen seeing and not seeing some 
tail being shown. Even more important, 
supplementary lighting creates a stronger visual 
n of the lesson point which has a better 


impressio 


' 
of being remembered 
A thyratron tube dimming circuit controls 


no windows *: 
ha Figure 13. 
in Fig. 13 is the rapid-start fluorescent lamps in the recessed troffers 


in this conference room. 


chan 
In many lecture rooms there are 
The windowless lecture room shown 
licghted by rapid-start fluorescent lamps which can 
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Figure 14. The use of a black light fluorescent lamp 
with fluorescent chalks permits effective and dramatic 


writing in the dark. 


‘ 


ndustrial lectures and conf 


In the erences, tf 
speakers will generally be speciali in a field, but 


Most suel 


e spe aker's 


not necessarily trained “uctors 


speakers will use notes or outlines 

wn in the illustration, Fig. 15, has good 

lighting fron 
} 


IS also mo 


stand sho 5. 
both sides onto the notes. The stand 
torized to adjust for the difference in 
height of a five-foot, two-in woman to a six-foot 
two-inch man. This variability of height is a visual 
consideration as some individuals may not be abl 


to see the ir notes well 


Figure 15. A speaker's stand which gives good illumina- 
tion on the notes aids a speaker to make an effective 
presentation. The transilluminated variable speed 
speech prompter shown at the left assists the speaker 


ineonspicuously in presenting verbatim addresses. 
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Lighting for Audio-Visual Teaching 


A new speaker’s aid is the illuminated adjustable 
speed speech prompters which were first widely 
used for TV performances and now are available 
in a small portable form for use on a typical ros 
trum. An example of such a device is also shown 
in Fig. 15 

Illumination on a speaker’s notes also throws a 
pleasing glow up to the speaker’s face, if there is 


on the speaker from above. A good 


also some light 


location for overhead spotlights is on a line 55 
above the horizontal from the speaker’s face. This 
location gives pleasing facial shadows and yet is 
not glaring to the speaker. Two spotlights, with one 
slightly stronger than the other, located about 90 
horizontal plane is considered good 
Preferably 


spotlights should be dimmer controlled 


apart in the 


practice for lighting such 


speakers. 


Visibility of Audio-Visual Material 


One additional consideration in the audio-visual 


picture is the preparation of slide material for 


rood visibility. Too often when one wishes to illus 


trate a talk, illustrations in articles or books are 


copied directly for slide use. This frequently re 


sults in too much material with too small detail 
When one considers the preparation of material 
for a slide, one is concerned with the size of letter 


ng that should be used and with the thickness of 


lines if graphs or curves are involved. The infor 


mation shown in Fig. 16 is designed to give guid 


ance in this respect. Letter sizes and line widths 


height of the illustration 


\ 


) 


— ae 
LETTER SIZES AND LINE WIDTHS | 


* } 
SMALLEST LETTERING 4 
A c t 56 


= 
er 40 
t 
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TITLE LETTERING 


DESIRABLE LETTERING 


ee 
20 














W =1.25-1.33 H 


Figure 16. A guide for determining letter sizes and line 
widths for graphs which will assure good visibility under 
typical projection conditions. 
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Thus, if the available letter sizes are known. the 
If the 


size of the drawing is known, then the ratio of 


height of the drawing may be determined 


letter height to drawing height gives the minimum 
size letters which should be employed The smallest 
lettering ratio of '/s59 of H is based upon a mini 
mum projected-letter height of one inch for each 
The typical AMA eye 


chart which is used for vision screening is roughly 


30 feet of viewing distance 


based upon a normal person with 20-20 vision being 
just able to see letters of one inch height at 50 
feet. Thus the '/s9 H ratio considers the fact that 
hence, for 


everyone does not have 20-20 vision: 


some people the size of leters needs to be larger 

The assumption is made that a screen width equal 
to '/, the maximum viewing distance will be used 
during the projection of the material. A convenient 
way of checking the relative visibility of letter sizes 
and line widths is to view the drawing or chart at 
a distance six times the width of the chart 

There are many convenient means of lettering 
charts. Charts may be hand lettered or may be 
mechanically lettered by devices such as the Wrico 


or Leroy lettering guides. For dramatic three 


dimensional lettering, molded letters of various 


styles are available. Pre-cut gummed paper letters, 
available in a wide range of sizes, offer a conveni- 
ent, neat and easy means of providing legible let 
tering for charts. Under certain conditions, the 
typewriter can be used. The electric typewriter is 
naturally best, because of its controlled pressure, 
and when used with carbon paper ribbon can give 


pica size type is typed 


food results For example iT 


x 4° card and photographed for slide pur 
of the resulting letters projected on 


poses the S1zZe 


screen will give good visibility for ty pical view 


enters where slides are prepared 
assembled for various 


‘ 


iated panel is 1 
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Figure 17. Transilluminated panel built into a table 
drawer for a slide service center. Four 13-watt, 21-inch 
54-inch diameter deluxe cool white lamps are located on 
3-inch centers and 134 inches back of a flashed opal 


glass panel. 


Today a wealth of good quality visual educa- 
tional material exists and there are many efficient 
visual aid devices to help the instructor in more 
effective and more efficient teaching. Research has 
repeatedly shown that the use of audio-visual pro- 
jected material improves the rate of understanding 
and increases the retention of the material being 
taught. With the trend toward greater use of such 
material, greater planning is necessary in the de- 
sign of instructional areas to make audio-visual 


teaching as easy to use and as effective as possible. 
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INSTALLATION AT MASLAND DURALEATHER, AMBER AND WILLARD STS., PHILADELPHIA, PA. 


Lighting for Color Matching Fabrics 


LIGHTING OBJECTIVE: To provide a high level of illumination for color matching vinyl plastic 


fabrics 


GENERAL INFORMATION: The color matching room shown is 14 feet by 18 feet 6 inches. Colors 


and reflectances are as follows 


Reflectance 
1% 
1% 
goy,* 


e to dust and dirt. 


INSTALLATION: Twenty industrial fluorescent luminaires (Day-Brite Lighting Ine. catalog No 
$0281 NB) are suspended 4 feet 6 inches above the 3-foot high inspection table as shown in Fig. 
2. Each luminaire is equipped with two 40-watt T-12 standard cool white preheat starter type 
fluorescent lamps (Sylvania Electric Products, Inc After trying various other lamps this lamp 
has been found best suited for color matching the vinyl plastic fabrics. Only yellow and maroon 


color fabrics are not easily matched 


‘ON OTT “V'I'V 
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Lighting for Color Matching Fabrics (Continued) 
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48” 2-LAMP INDUSTRIAL 
FLUORSCENT LUMINAIRE 


LUMINAIRES MOUNTED 7°- 6” ABOVE 
THE FLOOR 
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BINS FOR SAMPLE FABRICS | 


imp replacements are made every six months 


The average illumination on the inspection table is 300 footeandles. Brightnesses are as 


follows 


longitudinal 


crosswise 


Lighting designed by Edwin S. Marshall, electrical engineer, Masland Duraleather. 


Lighting installed by Masland Duraleather Operating Maintenance Department, 
Edwin S. Marshall, electrical engineer in charge. 


Lighting data submitted by Richard D. Kindt and George T. Anderson, Jr., Lighting 
Engineers, Philadelphia Electric Co., 211 South Broad St., Philadelphia, Pa., as 
an illustration of good lighting practice and to aid in the design of similar 
installations. 


Published by the Committee on Publications of the Illuminating Engineering Society, 
1860 Broadway, New York 23, N. Y. 


Series XX! 10-56 





Some Factors That Influence the Design of 
Daytime Effective Exposed Lamp Signs 


- Is always a demand for new and 


Many 


effects are used after dark, and new developments 


lifferent electrical advertising techniques 
are rapidly being put into practice. However, for 
most locations circulation is greater during the day 
Thus electric signs with daytime and night-time 
effectiveness represent a great opportunity for the 
advertiser. They can also bring a greater return 


on a given sign investment. High-candlepowe 
In ¢ xposed lan p signs 18 one mé thod 


W hil 


signs have been developed in the past today there 


partly as a result of the wide 


light sources 
if obtaining this desired effect daytim« 
Is new Interest 
variety of reflectorized lamps now available. Al 
ready some signs of this type have been installed 
While successful, their design has been based on 
experiment and observation. Thus there is an 
urgent need for design data 

Present information on exposed-lamp sign design 
for night viewing, as given in the JES Lighting 
Handbook and other publications, has as its basis, 
fundamental data that were first presented by C. A 
Atherton! early in the 1920's. These data concerned 
the apparent size of a spot of light, when viewed at 
night, as a function of the end-on candlepower of 
the lamp, total sign candlepower, viewing distance, 
and background brightness 

From this were developed rules for predetermin 
ing letter proportions for legibility, lamp spacing, 
and lamp wattage using exposed lamps in the 6- 
to 100-watt range and comparatively dark back- 
grounds. This paper will present some basic data 
and observations relating to signs employing high 
candlepower sources against much higher bright 


ness backgrounds for daytime effectiveness 


Previous Daytime Electric Signs 


Effective daytime electric signs are not new. In 
1926 a sign designed by W. M. Potter was installed 
on the General Electric Store, on Central Pier, 
letters, 


Atlantie City.* It consisted of “cut-out” 


A paper presented at the National Technical Conference of the 
Illuminating Engineering Society, September 17-21, 1956, Boston, 


Mass. AuTHOR: Application Engineering, Large Lamp Dept., Gen 
eral Electric Co., Nela Park, Cleveland, Ohic 
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Design of Daytime Effective Exposed Lamp Signs 


By A. L. HART 


th ribbed glass. Behind the glass of eac!] 
letter was mounted a 200-watt lamp in a polished 
parabolic reflector. The whole unit was mounted 
on the building front, facing the approach to the 
Boardwalk. Voltage on the lamps was reduced at 


night to reduce excessive brightness and to increase 


legibility at a distance. Two groups of lamps ol 
equal wattage were connected in series to provide 
60 volts across each lamp. Other similar signs 
followed, including one in Cleveland using traf! 


light type prismatic lens plates in front of th 
lamps 
Also in 1926, an electric scoreboard was erected 


‘ield. The 


spots of light in several lamp banks 


at Soldiers FI changeable numbers wert 
formed by 
similar to the old carriage call. Each lamp in a 
bank was covered by a Fresnel lens plate and‘ 
reflector. It 


backed by a proved very effective 


under daytime conditions. The lamp bank type 
sign is used today for time and temperature indi 
eators and traveling message signs, usually incor 
porating sign or general service lamps, but without 
reflector or lens 

In 1954 a large time indicator or numeral clock 
was incorporated in the Coca Cola sign aimed down 
Chieago’s Michigan Boulevard. Lamped with 75 
watt PAR-38 spotlamps, the clock has excellent 
attraction power during the day. At night the volt 
age is reduced to 60. Several smaller theater and 
hotel signs in the Chicago Loop district, such as the 
Clark Theater, are using 25-watt 60-volt PAR-38 
floodlamps in channel letters for both day and 


night viewing. 


Spot Size Fundamental Factor 


Atherton found that the apparent size of an ex- 
posed light source when seen at a distance was the 
key to sign design. If the size of the spot of light 
could be determined, one could predict whether 
letters, numbers, or even complicated designs, would 
be legible or recognizable under a given set of con- 
ditions. As shown in Fig. 1A a distant light source 
appears larger than it really it. This phenomenon 
is called irradiation.1 When lamps are spaced so 


Hart 677 





the spots just touch, the letter stroke will look like 
When 


spaced to overlap as in Fig. 1C the impression will 


a continuous series of spots as in Fig. 1B. 


be a smooth, solid line. 
The apparent size of the spot at night is 
Increased by: 
(a) raising candlepower 
b) reduced background brightness 
¢) greater viewing distances 
Reduced by 
a) total candlepower of the sigr 


b) atmospheric absorption 


Spot size can vary greatly as in Fig. 1D. Thus, 
if a letter is designed properly it might appear as 
in Fig. 1E, but if spot size increases too greatly 
it may become hard to read, Fig. 1k, or even merge 
into a solid mass of brightness 

On the other hand, as one approaches from a 
great distance, the mass of brightness helps gain 
attention to the sign location. Closer, the mass may 
begin 
are legible 


and when one is suffi 


to take recognizable shape before the letters 
Still closer the letters become clear, 
iently close, the individual 
lamps can be distinguished 

Usually the maximum and minimum viewing dis 


tances are limited so that the letters can be de 
d for good legibility and smooth appearance 


a given viewing range 


S- Gee nn 
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Figure 1. Examples of irradiation — center dot repre- 


sents actual lamp size. 
A Single lamps. 
B Row of lamps — spacing equal to spot size. 
C — Row of lamps — spacing equal of ‘2 spot size. 
D — Variation in spot size. 
E — Letter designed for smooth line at minimum view- 
ing distance. 
- Same letter as it would appear at maximum view- 


ing distance. 


Design of Daytime Effective Exposed Lamp Signs 


Signs designed for night viewing usually must 
contend only with brightnesses from other light 
sources in the immediate vicinity. Daytime effec- 
tive signs, on the other hand, must function effec- 
tively throughout extreme background sky bright- 
nesses, ranging from several thousand footlamberts 
during a bright day to the black of night. 

Thus, the basic purpose of this investigation was 
to determine spot sizes under daytime conditions so 
that letter heights and spacing can be calculated 
for simple block letters. 
formula for minimum letter height for legibility is 

H =2(SS) +2 


where H is minimum letter height in inches, 


From Atherton’s data the 


0035 D 


SS is spot size in inches, 
D is maximum viewing distance in feet. 
This is based on the letter “E The factor .0035 
is the resolving power of the average eye in inches 
per foot (approximately one minute of are) and 
there are two spaces to be resolved. Spot size is 
multiplied by two because the center stroke counts 
as a full spot and the upper and lower stroke as 
half each as shown in Fig. 1F 
The letter height thus caleulated should be mul- 
tiplied by two for advertising effectiveness. The 
simplified guides given in JES Lighting Handbook, 
Second Edition, page 11-3, are based on the above 
formula 
The use of the spot-size technique also affords a 
means of predicting the legibility of script letters, 
Old English, ete., and of monograms and special 
shapes. In these cases, adjacent parts of the design 
must be separated by a space equal to .0035D for 
minimum legibility. For effectiveness, this separa- 
tion should be at least doubled 
Corollaries to the main investigation were deter- 
mining the approximate candlepower needed for 
effectiveness, and investigating when and how the 


candlepower should be reduced at night 


Test Set-Up and Equipment 

To determine apparent spot size, apparatus was 
needed that would vary the spacing of a row of 
lamps. In this way spacing could be decreased 
until the spots appeared to touch. The spacing be- 
tween lamps would then be the apparent spot size. 


, 
(Fig » 


lamp-holders mounted on a 20-foot channel and 


The test equipment consisted of five 
moved together or apart by motor-driven threaded 
rods. The center lamp-holder was held stationary. 
The drive mechanism was arranged so that the 
inside lamp-holders moved at eight inches per min- 
ute and the outside ones traveled at 16 inches per 
minute so that the spacing between lamps was al- 
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Figure 2. Lamp track used to determine spot size. 


ways equal. A tubular “peep sight” was fastened 
to the center lamp so that the unit as a whole could 
be aimed. 

An adjustable letter “E” was constructed of 
wooden two-by-fours with sockets mounted on six- 
inch centers. In addition to experimenting with 
the skeleton letter, eighteen-inch wide cardboard 
was used behind the lamps to determine the effect 
of light or dark letter stroke 

Both track and letter were mounted on the roof 
Fig. 3 
that they could be clearly seen from three different 
The distances of 1100, 2500, and 4300 


feet from the roof to these 


of a three-story building It was found 
locations 
locations were deter 
mined from a U 
city zoning map. It was not possible to find con 
venient observation points that lay in a straight 
line, so the equipment had to be re-aimed for each 
distance 

Lamps used and their maximum average candle 
power are shown in Table I. PAR-38 lamps were 
used for this test because a suitable range of candle 
power is available and they are one logical light 


source for this application 


Test Procedure 
The letter “E” 


served from the three locations with various lamp 


was erected on the roof and ob- 


types and spacing. It was found that the black 


letter stroke was, in general, more effective than 
either the skeleton letter or white stroke. There 


was also no apparent change in spot size (as there 
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Design of Daytime Effective Exposed Lamp Signs 


TABLE I — Average Maximum Candlepower of Lamps 
Used in Test. 


Approx. Initial 
Avg. Maximum 
c.P 


is at night) when additional candlepower was in 


troduced close to the observer’s line of sight. From 
this it was concluded the total candlepower of a 
sign would have little effect on spot size under day- 
time conditions 

The lamps in the letter “E”’ were merely screwed 
into sockets in a manner similar to that in an actual 
sign. No attempt was made to aim each lamp so 
that the maximum candlepower was directed at the 
observer. Since no difference in spot size was ap- 
parent, it was concluded that the small variation in 
the axial alignment of the lamps would not appre- 
ciably affect spot size. This was substantiated in 
later tests. For this reason, average maximum 
candlepower values rather than absolute maximum 
candlepower were used throughout the investiga- 
tion. The effectiveness of the various lamps at 6-, 
12-, and 18-inch spacing was determined at each 
observation point. This eliminated some unneces- 
sary set-ups later and resulted in Table II. 

The main portion of the test involved the follow- 


ing procedure. The lamp track was aimed toward 


Figure 3. Observer’s view of lamp track at 1100 feet. 
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rABLE Il — Attraction Power of Lamp Types. 
(Viewed Perpendicular to Plane of Sign) 


Spacing Distance (ft 
1 2500 


bservation point so that the 


was perpendicular to the 


was, ther: 


s Spr ive \ 
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er lamp typ: 
lan ps Was 
n spot 


lamps wer 


average 
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CANDLEPOWER xX 1000 
Figure 5. Spot size vs. candlepower for three distances. 
Clear weather, very light ground haze, background sky 
brightness —3100 to 4900 footlamberts. 


Results 


The results of the tests are shown in Fig. 4 an 


Fig. 5. It was found that spot size was approxi 


proportional to distance. The increasing 
slope of the curves in Fig. 4 indicates that spot 
size would become infinite at some finite distance 
However, the deviation from a linear function is 
actually very small and at greater distances, it 
vould be expected that the curves would revers: 


and flatten out due to atmospheric absorption 
of candlepower on spot size (Fig. 5 
within the range studied was found to be essential 
ly linear and relatively small—less than ten inches 
any given distance. The curves for 2500 and 
1300 feet are discontinuous at the low end of the 
since the 25-watt lamps were not sufficiently 
visibl obtain readings. The 10,500-cp value at 
upper end of the seale is probably the highest 
value that will be needed to meet most sign design 

requirements 

It was also found that while decreasing back 
ground sky brightness did tend to increase spot 
ze, the effect was negligible compared to the vari 
ation with distance, until background sky bright 
ness was less than 500 footlamberts. From this 
level down to black night sky, quite different effects 


oceur 


Transition from Daytime to 
Night-Time Viewing 

“E” was set up and observed 
‘om 2500 feet over a range of background sky 
brightness from 450 ft-L to 12 ft-L with the results 
shown in Table III. The object was to determine 
when the candlepower must be reduced. Since a 
single step from rated voltage to one-half rated 
voltage is one logical solution, observations were 


mace i these points 
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TABLE III — Summary of Change in Appearance of Letter E as a Function of Time, Sky Brightness, 
Horizonial and Vertical Illumination. 


Height — 8 Feet. 120-Volt, 75PAR/FL on 12-inch Spacing. Viewing Distance — 2500-ft Letter Facing West. 


Illumination 


Vertical 120 


Sky ft-c 
Brightness | Horizontal on back 


ft-L ft-c of sign) Legibility 


nt 


450 
od stroke width 


greater than space 


between bars 


Table III it 
mately a fifteen-minute period at sunset on a clear 
PAR-38 


floodlan ps operated at 120 volts rapidly becomes 


From is seen that there is approxi- 


evening when the brightness of 75-watt 
and their brightness at half rated voltage 


For 


switeh 


excessive 
is not yet sufficient for good attraction power 
studied. the time to 


conditions optimum 


from 120 to 60 volts is when the background bright 
ness is about 55 footlamberts corresponding to 25 
footeandles vertical illumination on the back of the 
Decreasing voltage on an incandescent lamp, 


color of its light to the red end of the 


sign 
shifts the 
spectrum. Comparing this color with the color of 
daylight still present, aecounts for the orange ap- 
When daylight is gone, the lamps 


pearance noted 


again appear more nearly “white.” 

The reduction of 120 volts to 60 volts in one step 
can be accomplished by connecting pairs of step- 
that their primaries 
half 


The secondaries could also be simi- 


down supply transformers s 


are either in multiple (rated volts) or series 


rated volts 
larly switched, but it is usually more economical to 
switch the high-voltage, low current side of the 
line 
Since there is a transition period in one-step 
dimming where the sign is either too bright or not 
bright enough for good attraction power, continu 
This 
through a 
with the 
Such 


ous dimming of the sign be desirable 


could be 
thyratron-controlled 


may 


done by operating the sign 


saturable rez tor, 
thyratron regulated by a photoelectric cell 


a system would provide smooth continuous reduc 


tion of candlepower so that legibility and attrac- 


tion power would be maintained constantly 
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Comments on Appearance 
60 Volts 


Attraction Power Legibility Attraction Power 


Not Good 


Not Good 


Almost too brigh 100 Very poor very thin 


orange lines 
Orange Lines 


Solid Lines 


Would be good with 
whole sign 


Excellent 
orange 
lines 


Would be good with 


vhole sign orange 


lines 


losing orange 


appearance 


Another way of providing night-time effective- 
ness would be to switch to an alternate set of lamps 


10 or 11814, 25A19, 40A21 
sign with the PAR lamps, and spaced according to 


mounted in the 


previous sign design data. 


Angle Viewing 

Because typical sources have concentrated beams, 
the data are based on viewing the sign perpendicu- 
lar to the plane of the letters 


for a long-distance identification sign for a shop 


This would apply 


ping center or service station, located along a high- 
way, for example. However, a plant identification 
sign set some distance back from a highway or rail- 
road is an example where effectiveness throughout 
a wide viewing angle would be desired 
Reference to Fig. 5 shows that the variation of 
spot size with candlepower is rather small in the 
range studied. For example, at 2500 feet it varies 


less than 10 per cent from 10,000 candlepower 
down to 5000 candlepower, or from 6000 ep to 3000 
ep. Therefore, it can be said that about the same 
legibility (but not brightness) will be obtained 
throughout an angle within which the candlepower 
of the source does not vary more than 2 to 1. From 
Figs. 6A and 6B it can be seen that this is about 
20 degrees for PAR spotlamps and about 35 de- 
grees for PAR floodlamps. 
When wider angles are involved, one of the fol- 
lowing solutions apply : 
l. Select wider-beam sources. 
2. Place a spread lens over the lamp. Of course, this 
means a lower maximum candlepower. 
3. Use 


two rows of lamps aimed at an angle to each 
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Figure 6. 


Example of Calculations 

Design a sign to be effective at 2500 feet and to 
have smooth appearance of letter stroke at 1000 
feet 
Step 1 Select the lowest candlepower lamp that 
has good attraction power at 2500 feet 
Table If) The 75PAR/FL is “excellent” 
on 6-inch spacing and “good” on 12 inches 
Find the spot size of the lamp at 2500 feet 


The candlepower of the 75PAR/FL is 1700 


from Table I. From Fig. 4 the spot size is 


23 inches 


spot size at minimum viewing dis 


From Fig. 4 this is 13 inches 


{ Caleulate minimum letter height (#7) for 
daytime legibility at maximum viewing dis 
tance 
H =2(SS) +2 
) ae | iL) 
16 ? 17 5 


Letter Height for Advertising Effee 


0035 D 


00385 9500 


tiveness 


127 inches or about 101% feet 


5 Caleulate lamp spacing 
Spacing = Half spot size at minimum view 

ing distance 

Half < 13 inches or about 6 inches 


Observation of the letter “E” indicates that this 
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Candlepower distribution of PAR-38 spot and floodlamps in per cent of average maximum candlepower. 


design will be effective during the day at 120 volts 


over the indicated viewing range 


Conclusion 


It has been shown that when viewed from a dis 
tance under daytime conditions, the apparent size 
of a high-candlepower light source varies almost 
directly with the distance viewed, within the range 
studied. Spot size also varies with candlepower, 
but to a much lesser extent. Also, in contrast to 
factors influencing night-time spot sizes, observa 
tion indicated that background brightness and total 
sign candlepower have a negligible effect on day 
time spot size 

More work remains to be done to develop a com 
plete set of design data for the numerous condi 
tions that exist in practice. The range of candle 
power, distance, and background brightness needs 
to be expanded, and further study of transitional 
effects from day io night viewing is essential. In 
all of these, a greater number of observers should 
be used. However, the data and observations that 
have been presented should be useful in the design 
of daytime effective exposed lamp signs where con 
ditions are within the range that was studied. 

The author gratefully acknowledges the guidance 
Messrs. C. M. Cutler and R. T 
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INSTALLATION AT STATE PONTIAC, 600 EAST GAY ST., WEST CHESTER, PA. 


Lighting a Used Car Sales Lot 


LIGHTING OBJECTIVE: To floodlight a used car sales lot to eall attention to its location and 


merchandise and to provide illumination for seeing and selling 


GENERAL INFORMATION: The area of the lot which is utilized for selling used cars measures 80 


by SO feet 


INSTALLATION: Eighteen “Duo Service” floodlights Benjamin Electric Manufacturing Co. cata 
log No. 5934). using 1500-watt PS-52 clear general service lamps, are mounted on top of 35-foot 
high poles, six floodlights per pole These poles are spaced 25 feet apart and are located along 


the highway edge of the lot. This arrangement provides 60 footcandles on the front row of cars. 


Lighting designed by T. H. Gallagher, Lighting Engineer, Philadelphia Electric Co., 
1015 Chestnut St., Philadelphia, Pa. 


Lighting data submitted by George T. Anderson, |r., Philadelphia Electric Co., 1015 
Chestnut St., Philadelphia, Pa., as an illustration of good lighting practice and 
to aid in the design of similar installations. 


Published by the Committee on Publications of the Illuminating Engineering Society, 
1860 Broadway, New York 23, New York. 
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The Efficiency Of Electroluminescence 


Foreword 


There now are three methods of producing light 


from electrical energy. The familiar incandescent 
resistance of a high melting 


By this method light 


lamps which utilize th 
point metal such as tungsten 
‘ 


is produced as a result of the incandescence of a 


metal body. Vapor lamp and variations in which 


light is produced by an electrical discharge main 
tained through metallic or other gaseous vapors to 
fluo 
lamps utilizes the are principle to produce 
taken of the 


enormous production of ultraviolet energy to acti- 


luminescence. The popular line of 


proau *¢ 
rescent 


light, but in addition advantage is 


vate materials known as phosphors. Flux from this 


ounts not only for the major output of 


source ak 


from also determines the 


these lamps but 
light. For 


s used in mercury lan 


light 
lor characteristics of tl instance, a 
al phosphor 


light 


Ips to sup 


ent the output of the mereury are but 


ularly to introduce light into the red 


‘ 
pat { 


the spectrum so that objects viewed in the 


of light produced appear more natural and 


realist 


These two principles of producing artificial light 


account for nearly all the controlled light sources 


used today Sources employing these principles 


have been modified in an almost inconceivable num 


ber of variations to meet specific needs and applica 


tions. There are naturally practical limitations 


these sources cannot ade 


whicl even 


fulfill 


adaptabl 
There now exists in our compli ated 
and different light 


quately 


ample need for a new 


econom\s 
Such a source utilizing a principle which is 


threshold 


also gives promist of rivaling 


source 
new and startling appears to be on the 
of development. It 
its predecessor in the field of unique and useful 
light applications 

The faint light 
observed when he subjected a phosphor material to 
high v 


odes, now 


glow of that Georges Destriau 


contained between two elec 


Destriau effect 


W hile 


iitage 
known as the was by 


| pre vious knowledge unexpected It ranks with 


ed at the National Technical 
rineering Sox 1 
Lamp Divisior Westingho 


iety, Septembe 


The Efficiency of Electroluminescence 


By WILLI LEHMANN 


The luminous efficiency (lumens/watt) of 
electroluminescence of powdered phosphors 
excited by an alternating voltage is dependent 
on amplitude and on frequency of the exciting 
voltage. Increasing voltage causes first an 
increase of efficiency and then, for higher 
voltages, a decrease. The peak efficiency and 
the electroluminescent brightness are con- 
nected with each other by some simple laws, 
which are discussed. With constant voltage 
but variable frequency, the efficiency is nearly 
independent of frequency for some phosphors, 
but very dependent on frequency for other 
phosphors. 


one of the great scientific discoveries of the age 
The utilization of this effect to produce electro- 
luminescent light has already been advanced to a 
stage to attract serious attention for several appli- 
cations 

This 


teristics 


newest potential light source has charac- 


which have appeal for applications in 
which space is an important consideration, as well 
as applications requiring an easily attainable range 
of brightness or color variations 

The development of this newest principle to- 
wards a practical efficient light source can only be 
described as remarkable. Starting from a glow 
that could be discernible only in a darkened room, 
there are in existence today experimental sources 
that reach one half the efficiency of a household 
incandescent lamp and brightnesses approaching 


What 


may be more important, there do not appear to be 


those of fluorescent lamps as shown in Fig. 1 


any serious obstacles to further improvement nor 
yet has any definite ceiling to improvement been 
indicated as so clearly exists in the two classes of 
light source now in use 

light 


This like will 


require auxiliary equipment for operation. At the 


new source, vapor sources, 
moment this equipment is not readily available, nor 
in forms that are adaptable for general use, but as 
was true with vapor lamps, there are no unsur- 
mountable obstacles to the development of such 
equipment. Fortunately the remarkable advance 
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Figure 1. Progress in improvement of electrolumines- 
cent brightness and efficiency. 
phosphor in castor-oil cells. 

600 volts rms. 

20 keps. 


peak efficiency of the phosphor itself. 


Brightness: 
Voltage: 
Frequency: 

Efficiency : 


Voltage: about 300 volts rms. 


500 cps. 


Frequency: 


made in the development of transistors may hold 


much promise in the future commercialization of 
this newest light source 

The development of electroluminescent light 
source itself involves a number of related research 
problems. For instance, the phosphors used are 
not those that give best results in conventional 
light sources but constitute an entirely new family 
of these materials. These alone have supported and 
will continue to demand an extensive research pro- 
gram quite apart from the assembly of the cells. 
Again the 
phors in a suitable matrix as weli as almost every 
detail 


nated and well planned research and development 


method of incorporation of the phos- 
f the cell assembly have required a coordi- 


program which rivals any activity of this nature 
heretofore put forth. The 


our overall present and future economy, 


importance of light to 
in advane- 
welfare and con- 


ing the frontiers of civilization, 


venience, dictates not only the continuation of the 
remarkable record of development of conventional 
light sources, but in addition it dictates that the 
success already attained, which in effect constitutes 
the unveiling of a new light source, electrolumines- 
cence, not only be continued but stepped up in all 
essential details to a position commensurate with 
its potential in the lighting field of the future 

fully 
adequate described in terms of 


Physical principles that are understood 


usually can be 


simple language. Conversely many useful prin- 


ciples cannot be so easily resolved and their ex- 


planation sometimes requires rather involved 


mathematical treatment. That to some extent is 
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true of the Destriau effect and its application to 


produce a light source. Every effort will be made, 
however, to make the presentation interesting and 


objectiv e 


Luminous Efficiency 


The topic of this paper is the luminous efficiency 


lumens/watt) of electroluminescence of powdered 


erystal phosphors embedded in an_ insulating 
medium and excited by an alternating electric field 

Destriau Effect Very little 
efficiency and its dependence on voltage, frequency, 
published,’* al 


f 


important for 


nformation on 


type of phosphor, ete.. has been 
though these questions are eminently) 
practical applications of electroluminescence 


The efficiency measurements reported here have 


been made on electroluminescent phosphors of the 


zine-sulfide type, mainly activated with copper, 
and excited with sinusoidal voltages of various 
amplitudes and frequencies. The measurements 
have been made only at room temperature. For 
experimental purpose, the phosphor powders were 
embedded in castor oil in a cell consisting essen- 
aluminum and a front 


2 The dis- 
about 80 


tially of a back electrode of 
electrode of conducting glass (Fig 
tance between the two electrodes was 
microns, the ratio of phosphor to oil in the cell was 
emission of the phosphor 


20:80 by volume. The 


layer in this cell obeys very approximately the 
cosine law, t.¢., its brightness is practically inde- 
pendent of the direction of radiation. Under this 
circumstance, the number of lumens emitted by 
one square foot of cell area numerically equals the 
brightness measured in footlamberts, so that the 
luminous flux of a particular cell can easily be 
deduced from a simple brightness measurement. 
An electroluminescent cell behaves electrically as 
a non-ideal capacitor having a certain electrical 
phase angle between the current going through 
it and the applied voltage. The wattage electrically 


absorbed by this cell is given by 


W =2rfV"*Cecosd 1) 


with f as the applied frequency, V as the applied 
voltage, and C as the electrical capacitance of the 


cell. The 


absorbed wattage was determined by 


CONDUCTING ae 3 MBEDOED 
GLASS CAST RMS 








ALUMINUM INSULATOR 


Figure 2. Electroluminescent cell used for measurements. 
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this equation and measuring C and 4, a 
1d which is much more accurate than a direct 
rement of W wattmeter due to the 


of frequencies employed. Details of the 


with a 


ent used to measure the light intensity L, 
’. and the phase angle ¢ have been 

ous publication.® 
rally we have to distinguish between at least 


kinds of luminous efficiency of electrolumines 


both measured in lumens/watt 


efficier 


The 


rhe overall-efficiency of a complete electrolum! 


eonstruc 


nescent cell depends, of course, on many 


tional details of the cell. For this reason, only the 
efficiency of the phosphor itself will be considered 
in this paper. It can be determined by some sepa 
rate measurements the details of which will not be 


discussed here 


Power Absorption and Efficiency 
In equation (1) the term C cos¢ is the imaginary 
part of C” of the complex capacity of the complete 
=> we v 

cell, C=C’ +iC 


absorption in the phosphor only can be described 


where i ] The power 


by a similar expression: 
W = af V2k’ 


where C” has been replaced by the imaginary p: 


, . . =} , ” 
k” of the complex dielectric factor,* k = k' +ih 


the phosphor and where all other constants are 
cluded in the constant a. The dependence of k 
V and f has been determined and published 


the result is 


k” =k 


ready,® 


a function of (L/f 3 
Except for the region of very highest voltages, the 
function of (L/f 


portional to (L/f 


has been found to be simply pr: 


so that equation ; becomes 


kb.” +b(L/f 


k,” may be slightly dependent on the 
quency f but is independent of the voltage V, w 
b is a constant independent of both f and V. Com 


ination of equations (2) and (4) gives an efficien 


cy Oo 
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Le h mann 


This equation holds very well in almost all cases 


and will be compared here with experimental re 


sults 


The Voltage Dependence of Efficiency 


The dependence of the luminous efficiency of 
electroluminescence on the applied voltage is quali 
tatively the same for all frequencies and for all 
An example is 


types of phosphors vet investigated 


shown in Fig. 3. The brightness increases with in 
creasing voltage up to the highest applied voltages 
The efficiency is very low in the region of low volt 
With in- 


increases 


ages due to the very low brightness L 
creasing applied voltage, the efficiency 
increasing brightness, goes 


due to the rapidly 


through a maximum at moderate voltages, and de 
ereases again for still higher voltages up to the 
breakdown limit of the cell This behavior of elec 
troluminescence is quite in contrast to that of other 
light sources since high brightness and high effi 
This beha 


vior also facilitates somewhat practical application 


ciency do not appear simultaneously. 


of electroluminescence since it is not necessary, in 
order to obtain highest efficiency, to increase the 
voltage to just below the breakdown limit; rather 
the voltage should be about half the breakdown 


voltage 


3 


BRIGHTNESS (iN FOOT-LAMBERTS) 


AND EFFICIENCY (IN LUMENS / WATT) 








100 200 800 1000 


VOLTAGE? APPLIED TO THE CELL (VOLTS RMS) 
Figure 3. Typical voltage dependence of brightness and 


efficiency of electroluminescence, 
Phosphor: 
Frequency: 


green-emitting ZnS-Cu, Cl. 
50 eps. 
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The experimental points for the efficis ney in Fig. 
3 are very well represented by equation (5), as 
shown by the dotted line, except in the region of 
highest voltages. This agreement permits the deri- 
vation of an interesting conclusion concerning the 
value of the voltage corresponding to maximum 
efficiency. In the voltage range near this point 
k,” « b (L/f 


nescent phosphors so that equation » 


for practically all good electrolumi 


reduces to 


Thus, as V 


increases faster than V- 


with ¢ ] abf const increases 


» increases as long as L 


The peak efficiency should appear near that voltage 


where L* increases just proportionally to V* or, in 


other words, where L increases proportionally to 
V4. Although this conclusion is, due to the simpli 
fications which have been introduced, only an ap 
proximation, it is confirmed by the measurements, 
as shown also in Fig. 3 where the peak efficiency 
appears near that voltage where the dependence 


L V can be deseribed by L 


has been made on all phosphors yet investigated in 


V*. This observation 
this respect and at all frequencies (between 20 and 
about 10,000 e.p.s 

Still another conclusion may be derived from 
equation (6 for the region of moderate voltages 
and the peak efficiency. A comparison of two dif- 
ferent electroluminescent phosphors excited with 
the same voltage and frequency under similar con- 


ditions gives the relation 


n2 


where the index numbers 1 and 2 refer to the two 
phosphors to be compared. It is a matter of experi- 
ence that the constant c is largely independent of 
the phosphor as long as phosphor type (¢.g., 
ZnS-Cu 


comparison of 


and emission color remain constant. A 
brightness and efficiency of two 
nearly similar phosphors, therefore, gives the rela- 


tion 


In simple words, equation (8) expresses the fact 
that with an increasing number of free electrons 
in the phosphor the emission intensity LZ increases 
proportionally to n? but the wattage W only pro- 
portionally to n, so that the efficiency (the ratio 
L/W) also increases proportionally to n, i.e., pro 
portional to L*. Equation (8) permits estimation 
of the peak efficiency of new phosphor samples by a 


simple brightness measurement and comparison 
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TABLE I — Comparison of Brightness and Efficiency 
for Two Slightly Different Phosphors under 
Similar Excitation Conditions. 

(Castor-oil cell, frequency 500 eps.) 


Brightness (footlamberts) Efficiency (lumens, watt) 


” 


estimated measured 


2.1 
4.1 


with another sample whose brightness and efficien 
cy under similar excitation conditions are known 
Although 


has been derived only for the neigh- 


Such a comparison is shown in Table I. 
equation (38 
borhood of the peak efficiency, the agreement be 
tween estimated and measured efficiency for phos 
phor sample 2 of the table is very good even for 


higher and lower applied voltages 


The Frequency Dependence of Efficiency 


In case of a constant voltage V, the efficiency is, 
according to equation (5), only dependent on the 
ratio L/f and, since for many phosphors the bright- 
ness L increases roughly proportional to the fre- 
quency f, the efficiency in these cases is almost inde- 
pendent of the applied frequency f. A typical 
example of a phosphor showing this independence 
is given in Fig. 4. However, there are several ex- 
ceptions to this rule. Two of the most important 


of these are the following: 


Some electroluminescent phosphors, especially those 
with very high activator concentrations, are charac 
terized by strong thermal quenching of their lumi 


Experiment shows that thermal quenching 


nescence 


an 
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Figure 4. Frequency dependence of efficiency. 
Phosphor: blue-emitting Zn S-Cu, 
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escence is independent of the applied 
s dependent on the frequency; the 


ermal quenching of the electrolumines 
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Figure 5. Frequency dependence of efficiency. 
Phosphor: green-emitting Zn S-Cu, Cl. 


itions are shown in Fig. 5 been made in the recent years This progress, as 


far as obtained in our laboratory, was shown in 


on an othery y good phosphor. The 


; 


degree of tl leviations varies, of course, from Fig. 1. It can be seen that two years of intensive 


phosphor to phosphor. Their practical result is, for work caused an improvement in brightness of a 
almost all phosphors, a distinct efficiency peak not factor of 200 and in efficiency of a factor of 15. To 
what extent further improvements are possible can 


only at a rtain voltage but also at a certain fre 


quen not yet, of course, be said, but the future looks 


encouraging 
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Glow Starter Design and 


Fluorescent Lamp Life 


LUORESCENT LAMP ballast circuits and 


lamp performance thereon have been the subject of 
many competent articles in the past.':*)*-* The two 
lamp “lead/lag” ballast, a familiar component on 
the commercial scene, has received particular at- 
tention because of lamp performance problems 
stemming from the leading power factor (lead 
circuit. Short lamp life on this cireuit has been 


the most persistent of these problems No one 


factor may be singled out as the primary cause 
since lamp characteristics, ballast voltage and cur- 
rent characteristics, and starter characteristics all 
contribute significantly to the problem. In early 
lead circuits, low preheat current was found to 
cause much of the short lamp life and a “compensa- 
tor” was added which seemed to have corrected 
the difficulty.* 


over the intervening years have greatly improved 


Design and processing advances 
lamp quality and lamp starting ability. As a result, 
lead circuit lamps often start without cathode pre- 
heating and the short life problem has again be 
come acute 

In the past little attention has been given to 
starter characteristics as a factor in producing the 
short lead life.* 
distortion caused by starters seems to have been 


In fact, ballast voltage waveform* 


entirely neglected in considering starting of pre- 
heat type lamps. This paper intends to show that 
such distortion will cause lamps to start without 
cathode preheating at one extreme and may be 
controlled so as to compensate for shortcomings of 
other circuit components at the other extreme. It 
will be shown that proper design of the glow switch 


can minimize the short life problem 


Normal Preheat Start and 
Instant Starting Defined 


Preheat type (switch-start) lamps require a suit- 
able period of cathode heating before starting volt- 
age should be applied. Industry specifications re- 
quire one second of cathode heating at 0.55 amperes 


*Note that all reference to “ballast voltage waveforms” shall denote 


unaltered open circuit characteristics unless otherwise specified 
AuTHoR: General Electric Company, Nela Park, Cleveland, Ohio 
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By W. H. LAKE 


for the standard 40-watt T12 fluorescent lamp. At 
the end of this period, the cathode has attained a 
temperature sufficient to supply ample current car- 
riers to support the discharge without undue dam 
age to the cathode. When the cathode does not 
reach a high enough temperature and the lamp still 
starts, high local electric fields result. Physical 
loss of and surface contamination of emission ma- 
terial caused by such starts are a primary factor in 
shortening lamp life. 

Two factors control the final cathode tempera 
ture for a given coated cathode: these are the 
magnitude and the duration of the preheating cur- 
rent. If we consider only those ballasts which meet 
present industry standards, the magnitude of the 
preheating current will be sufficient provided that 
the duration is one second or more. The duration 
of cathode preheating is primarily a function of 
starter characteristics, and in the absence of “in- 
stant starting” may be easily controlled by starter 
design. When cathodes receive no preheating be- 
fore the lamp is started, it has received an “instant 
start.” Here, the cathode is completely cold when 
the lamp starts, and the maximum loss and con- 
tamination of emission material results.’:* 

Present industry-wide methods for testing start- 
ers do not detect the high degree of instant start- 
ing prevalent in leading power factor circuits. 
Investigation has shown that lamps do not readily 
instant start unless they have been burned a mini- 
mum of around 100 hours. Repeated instant starts 
without several hours burning between starts will 
virtually eliminate instant starting. Unfortunately, 
if such lamps are returned to normal operation, 
(several hours of operation between starts) the 
ability to instant start is rapidly recovered. Be- 
side the above, lamp instant starting characteris- 
ties are found to depend on the length of the inter- 
mediate burning period, the length of off time 
between burning and starting, the total number 
of instant starts sustained, and total burning hours. 

It is obvious then that a test which uses lamps as 
a primary criterion must be very carefully con- 
trolled and test conditions carefully selected. If 
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% INSTANT STARTING 


Figure 1. Effect of instant starting on life of 40-watt 


switch start lamps. 


properly done, consistent and reproducible data 


result whi h closely evaluate the effec ts of instant 


starting in field installations. The tests deseribed 
have i 
bel ved that 


herein been carefully controlled and it is 

lamp conditions have been 

which best reflect field service 
\ curve 

eriteria to lead lamp life 


field 


operat on 


relating instant starting under thes 


as actually exper need 


under service conditions can be derived as 


1. The one hundred per cent instant 


is the result of operating switch 


I 

start lamps in instant start circuits. The zero pet 
ent point represents average lag lamp life under 
normal operating conditions. The other points ar 
commercial ballasts and starters 

Tl is curve 


r»blen 


indicates the magnitude of the 


and the need for corrective 


Instant Starting 
As a Function of the Ballast 


recently the ballast has been g 


nerally 


or causing instant starting. As a cons 


most attempts to meet the problem have 
Meas 


ts have been taken almost 


involved changes in ballast characteristics 
urements on ballast effec 
exclusively in lead circuits with the starter omitted 
A high percentage of lamps will instant start unde 
these conditions with many commercially availabl 
Ballast B, 


this 


ballasts manufactured in the 
Table I, 


instant starting, but does not represent a uniqu 


past 


was designed to minimize type of 


eombination of ballast characteristics, since many 
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Figure Voltage crest factor and instant starting 


10-watt “lead” circuits. 


other choices are available. In particular, the re 
duction of lamp end-to-fixture voltage by about 50 
per cent, accomplished by changing the autotrans 
former primary circuit ground point from the bot 
tom tap to the center tap, will virtually eliminate 
When 
a glow starter is included in the circuit, however 
high deg 
on that produced by the ballast in starterless cir 
The Ballast B, is to 


instart starting from about two per cent to nearly 


instant starting in starterless lead circuits. 


a very ree of instant starting is imposed 


‘uits result with increase 


65 per cent. The extent of the increase for other 
ballasts depends to a large degree on their specific 


‘haracteristices 
The three major ballast characteristics involved 


n instant starting in cireuits using starters are 
voltage crest factor, rms voltage, and lamp end-to- 
fixture voltage. Fig. 2 shows the effect of voltage 


The 


ballast characteristics are given in Table I. 


crest factor on instant starting. individual 


Ballast E shows an abrupt increase in instant 
starting for a low value of crest factor (1.31). It 


is believed that this sudden change is due to the 


TABLE I — Characteristics of Ballasts of Fig. 2. 


% Instant 
Starting 
rms Voltage with 

to Fixture Starter 


Crest Factor 
at iis 
Prim. Volts 


Voltage at 118 Prim. Volts 
Ballast RMS Peak 


1 
I 
15 
1 
l 
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TABLE Il — Effect of rms Voltage Variations and Lamp 
End-to-Fixture Voltage on Instant Starting. 


Ballast B 
RMS 
Voltage 
to Fixture 


Primary RMS Peak Crest 
Volts Secondary Secondary Factor 


Instant 
Starting 


106 188 290 1.54 188 10 
195 01 1.54 195 5 

207 22 1.5 207 

219 $40 I 219 

1 118 


peculiar characteristics of the ballast which are 
necessary to reduce the crest factor below that of 
the input waveform (1.41 

The effect of rms voltage does not show a simple 
regular relationship. There is an abrupt transi 


tion from very little instant starting to a high 
degree of instant starting, and the transition point 
is not necessarily the same for ballasts of different 


Table II 
particular ballast. The reasons for these 


waveform. shows this transition for a 
sudden 
changes are not as yet fully understood. 

If the secondary voltage rating of the ballast is 
dropped to a value just below the transition level 
instant starting can be eliminated. However, it is 


not sufficient simply to eliminate instant starting 











ADL 


Nab 











Figure 3. Voltage doubling in the “lead” circuit. 
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Reliable starting must be provided under all con 
ditions which lamps may reasonably encounter. 
This level would be too low to provide reliable 
starting at low temperatures, high humidity, and 
or low line voltage. On the other hand, when high 
line voltage conditions are present, the transition 
level would be exceeded and instant starting would 
return. It would be difficult to achieve a satisfac- 
tory compromise between these two extremes 

Lamp end-to-fixture voltage does not substan- 
tially alter the data as given above even when this 
voltage is reduced by about 50 per cent. 

These data are valid for FS4 and FS40 type 
starters which are representative of commercially 
available glow type starters. It is evident that no 
simple change of ballast characteristics can provide 
an adequate solution to the short lead lamp life 
problem 


Instant Starting and Starter Effects 


When voltage is applied to the starting circuit, 
The heat 
the discharge causes the bimetal to 


the glow switch breaks down and glows. 
venerated by 
‘lose. The closing period ordinarily takes from 0.1 
sec. to about 0.5 see. It is during this time that 
instant starting occurs. Thus the lamp does not 
“see” the open circuit voltage waveform, but one 
modified by the glow characteristics of the glow 
switch. The form of the distortion has perhaps the 
greatest effect of any factor on instant starting. 
The simplest form of distortion which causes in- 
stant starting is rectification in the glow switch 
discharge, #.e., the switch carries more current in 
one direction than the other. Unequal electrode 
areas and/or dissimilar electrode work functions 
characterize rectifying type glow switches. To 
understand what rectification does, consider a typi- 
eal lead circuit such as shown in Fig. 3a. The glow 
switch has been replaced by a perfect rectifier, for 
simplicity. Point B is taken as the voltage refer 
ence point and Fig. 3b shows the voltage at A with 
When 


A is going positive, the glow switch 


respect to B (normal open circuit voltage). 
the voltage at 
(rectifier) passes current and a charge builds up on 
capacitor C, such that the voltage, C to B, becomes 
E, (peak voltage of the ballast). Assuming there 
is no current flow through the lamp, and that the 
glow switch blocks the flow of current perfectly in 
the back direction, plate C will always be main- 
tained at the peak value of the charging voltage. 
(Fig. 3c.) 


The voltage across the lamp is found from: 


Van Vac + Ves 


or Vac > Vas —_ Ver: where V ap = Eof (6,t) 
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Typical instant starts — rectification and 
oscillation (FS40). 


Figure 4. Typical glow voltage waveform 
—rectification only (F540). Heavy trace 
—open circuit voltage; light trace—volt- 
age in lamp position as modified by glow- 


switch. 


at is to say, with point, C, as a reference volt- 
ve point (Fig. 3d), the voltage applied to the 
lamp will attain twice the normal peak voltage 
available from the ballast every cycle. Such a volt- 
age would exceed the peak voltage of a 40-watt 
nstant start ballast. 

Fig. 4, the waveform of the glow voltage is 
ompared to the open circuit waveform of the bal- 
last. In the positive direction the glow switch 
carries a large current and the voltage characteris- 
tic falls far short of the open circuit waveform. In 

e negative direction, the glow switch carries very 
tle current and the residual charge (at plate C, 
as deseribed above adds to the open circuit voltage. 
Ilere the leakage current carried by the glow 
switch rectifier causes much lower peaks than the 
2E, to be expected from the perfectly rectified 
ondition. The peaks due to rectification seldom 
exceed 150 per cent of the normal open circuit 
peak. However, the rms voltage is substantially 
ereased along with the peak voltage and is in 
' sufficient to cause a very high degree of in 
stant starting 
An additional factor, an oscillatory characteris- 
an send these peaks well over 2, or double 
the normal peak voltage. This factor is inherent in 
most glow switch constructions and in particular is 
typical of FS4 and 40 type glow switches. Fig. 5 
a, b, ec) shows typical instant starts as caused by 
this type glow switch 
Removal of the rectifying characteristics is not 
sufficient to substantially alter the instant starting 
picture. The oscillatory characteristic mentioned 
above can cause voltage peaks nearly as high as the 
ombined effects of rectification and oscillation. A 
non-rectifying glow starter which has oscillatory 


haracteristics causes as much or more instant 
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Figure 6. Typical glow voltage waveform 
non-rectifying, oscillatory. (FS40). 


starting since its peaks occur every half cycle in 
stead. of only once per cycle as with rectifying 
sudden 


starters. The oscillations are caused by 


current “bursts” through the glow switch during 
the glow period. The L-C-R system of the starting 
circuit opposes these sudden changes resulting in 


high frequency oscillations which are to a great 


plelewuwnwy 
“WN NNN 


i 


\\ 


a a a) en 


"A A ee, ee, ee 
\ 


Time —————-_ 20 ™a/ div 


Typical instant starts — non-rectif ying, 
oscillatory (FS40). 


Figure 7. 
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degree self-maintaining. Fig. 6 compares the dis- 
tortion caused by this starter to the open circuit 
waveform. The open circuit voltage waveform 
heavy trace) has been superimposed on the high 
frequency oscillations of the glow voltage wave- 
form. Fig. 7 (a, b, ¢) shows typical instant starts 
caused by a commercially available non-rectifying 
type FS40 glow starter (Symmetrical Bimetal 


Requirements for Instant Starting Suppression 


Obviously, the glow starter is extremely impor- 
tant in instant starting the lead circuit lamp. In 
order to reduce instant starting significantly the 
starter must not produce voltage peaks in the 
waveform impressed across the lamp during start- 
ing which exceed the peak of the ballast voltage. 

A glow starter then shall not rectify and shall 
not exhibit oscillatory phenomena. The former re- 
quirem¢ nt is easily obtained by using electrodes of 
equal “effective” area and similar work function. 
The latter effect may be minimized by the proper 
choice of filling gas and ionizing agents. Such a 
starter would limit instant starting to that caused 
directly by the ballast. Actually the waveform dis- 
tortion caused by such a glow starter will improve 
on the ballast voltage waveform (Fig. 8). The 
rms voltage has not been changed significantly, but 
voltage 


the peak has been sharply reduced. The 





3-4 
fe 


Glow voltage waveform — non-rectifying, 





time 


Figure 8. 

non-oscillatory. Open circuit voltage —Peak 365, rms 

208, crest factor 1.79; Glow voltage-—Peak 313, rms 
205, crest factor 1.53. 
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Figure 9. Current carrying capacity dependence on 


filling gas pressure (neon-filled glow switch). 


effect is easily explained in terms of inductive (bal 
last) opposition to changes in circulating current 

glow current Reduced peak voltage means r 
erest factor which according to Fig. 2 causes 
With the above in mind, it is 


dueed 
less instant starting 


possible to ensure good lead lamp life in future 


nstallations with properly designed ballasts and 


the modified glow-switch 

Unfortunately, this provides little consolation to 
most owners of existing installations. For these 
users the glow voltage waveform even with the 


“improved” starter, is sufficient to cause up to 30 


MPULSE Reletive unite 


TRANSIENT 


ac : $0 
FILLING PRESSURE — NEON 


Starting transient dependence on filling gas 


pressure (neon-primary gas). 
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Figure 10. Test circuit for current required to suppress 


instant starting. 


per cent reduction in lead lamp life. At this stage 


in the discussion three alternatives are available 


lly designed “hard starting” lamps 
ballasts and use the typ yf starter 


scribed above 


Use thermal starters 


Hard starting lamps inevitably result in poor 


starting under adverse conditions, 7.¢., low tem 
perature, high humidity, and/or low line voltage 
The margin of safety between unreliable starting 
and instant starting is too critical to expect more 
than a poor compromise. Reballasting an installa 
tion is an obvious extreme and is just as obviously 
undesirable in terms of cost. Thermal starters will 
stop instant starting, but experience has shown 


that the fragility and cost of thermal starters com 


pared to glow starters make them much less desir 


able. Therefore, for those who are concerned with 
existing installations, a further step is required, 
that is, a glow starter which will minimize instant 


starting in existing ballast circuits 


= — oo = 
10 ‘5 20 
% ARGON IN NEON (P*53mm) 


Figure 12. Starting transient and per cent of argon 


“impurity gas” in neon. 
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Wi nust, of course with a glow switch. 


eal 


such as deseribed above. whl h neither rectines nor 


shows extreme oscillatory characteristics 
to eliminate instant starting the peak voltage which 
the lamp sees must be reduced sufficiently to con 
pensate for excessive peak voltage of the ballast 
The glow voltage peak may be readily controlled 
by means of the filling gas pressure. Increasing thi 
filling gas pressure increases the current carrying 


Fig. 9 


low voltage 


capacity which in turn reduces the peak 


The glow current required to reduce the 
voltage sufficiently to stop instant starting can be 
easily found. Using a circuit, such as Fig. 10, it is 


found that about 200ma is adequate. Other switch 
characteristics must be considered. however. befor: 
a reliable starter can be offered to the industry 


High 


impair the switch’s ability to start lamps. A tran 


irrent carrying capacity can definitely 


sient voltage impulse, which determines the ability 
of the switch to start lamps® occurs when the switch 
bimetal snaps open. This transient is a function 
of the current-carrying characteristic 
cording to Fig. 11, which confirms 


with slightly different methods, of F 


sure a 
taken 
¢ 


Rixton.” At the pressures required for instant 


starting suppression, the transient is too low t 


start lamps reliably for most switch constructions 


Fortunately, additional control of the transient 
impulse is afforded by use of impurities in the pri 
mary filling gas. Mixtures of neon and argon hay 
the curious effect on the transient impulse shown iv 
Fig. 12 


the proper breakdown voltage limits which has an 


It is possible to choose a mixture within 


entirely adequate transient impulse and still main 
tain the all important current carrying characte 
istics. Other switch parameters have decided effects 
on switch operation and instant starting. Ilow 
ever, all these effects can be readily controlled to 
achieve the proper peak lowering characteristics 


and need not be discussed in this paper 
The glow voltage characteristics of Fig. 13 are 


those of a switch which provides instant starting 


suppression and reliable starting for most existing 


types of leading power factor ballasts. Note that 
the peak glow voltage is relatively independent of 


the ballast peak characteristic. The dramatic im 


TABLE IIL. 


Instant 
Starting 


RMS Voltage 
to Fixture 


Primary RMS Peak 
Starter Volts Secondary Secondary 


FS4 118 20% 


FS401 118 207 f 
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ee YO. TS 


TIME ———— 5 ms/ div 


Figure 13. Glow Voltage waveform — FS400. 
Glow Voltage 
Peak 266 
Peak 267 
Peak 268 


Ballast open circuit voltage 
(a) rms 208, crest factor 1.79 
(b) rms 218, crest factor 1.34 


(ce) rms 207, crest factor 1.55 


provement in life is best shown by comparing the 
average instant starting for the non-instant start- 
ing glow starter (I'S400) and the present standard 


glow starter (F'S40) as shown in Table III 


These tests represent a composite figure of pro 
duetion tests of FS40 and FS400 starters for 10 
months of 1954 and 1955 

An important feature of this equalizing of lead 
and lag lamp lives is the elimination, to a large 
degree, of the “early” failures now experienced in 


many existing group replacement installations 
For example, with existing FS4 and 40 starters the 
failures of lead circuit lamps are often 30 per cent 
or more at 5000 hours when operated at three 
hours per start, but are usually less than three per 


cent with the FS400 


Testing Starters for Instant Starting 


As described above, industry wide methods for 
testing starters do not expose instant starting. 
General use of starters which reduce or eliminate 
instant starting probably will not come about until 
a simple method for testing the effect of starters 


Glow Starter Design and Fluorescent Lamp Life—Lake 695 





2% 


avG PtaK w VOLTAGE Volts 


Figure 14. Instant starting as a function of peak glow 


voltage. 


ean be devised which may be readily adopted by 


the industry The methods as described herein 


used for testing instant starting and its effects, do 
not lend themselves well to large scale testing and 
are by no means simple. However, the investiga 
tion reported in this paper suggested a method for 


; 


esting the instant starting characteristics of start 
ers which does not require the use of lamps 
The peak value of voltage in the lamp position 


wreult during the glow period befor: 


osure, shows a definite relationship to in 
arting as shown in Fig. 14. The character 
Fig. 14 is of a ballast which in itself causes 
degree of instant starting. Other ballasts 
a similar relationship, but with reduced slope 
eve “YQ 


er cent of average lag lamp life in 


, 
i 

s (Fig. 1) instant starting must be re 

From Fig. 14, the 


average peak glow voltage of a glow starter should 


vy about 10 per cent 


then not exceed something like 270-275 volts for 
existing ballast types 


It is not difficult to design a device h eould 


the peak voltage developed across the 


during the initial glow period. Such an 


instrument would allow for large seale testing of 


glow type starters for instant starting ability with 
out the disadvantages inherent in a program using 


lamps as the primary criteria 


Summary 


Instant starting in the lead circuit of the two- 


i2”’ ballast in conjunction with stand 
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ard FS4 or FS40 starters causes short lamp life 
When lamp life in such circuits is compared to the 
average lamp life in the lag circuit, we find that at 
best the average lead lamp attains about 70 to 80 
per cent of the average lag lamp life. In the ex 
treme, this figure can be as low as 30 per cent. It is 
found that the starter glow characteristic is a 
primary factor in causing short lead lamp life. 
Glow starters allow a wide latitude for design 
with regard to the glow voltage characteristic. 
With many designs the glow voltage exceeds the 
normal peak ballast voltage. In this case the starter 
becomes the primary source of instant starting and 
will override ballast characteristics which in them 
selves are entirely satisfactory. Such starters are 
represented by FS4 and FS40 starters of present 
design. At the other extreme it is possible to de 


sign a glow starter which will alter the ballast 


voltage characteristics so that instant starting is 


virtually eliminated even for ballasts which in 
themselves can cause a very high degree of instant 
starting. Such a starter is represented by the FS 
$00 starter, which on most existing types of com- 
mercially available ballasts will assure that the 
average lead lamp life will attain 90 per cent of 
the average lag lamp life, and greatly reduce the 


numt 


wr of failures experienced before 5000 hours 

Some relatively simple criteria may be applied to 
the glow characteristics of a starter in order to 
determine if it will cause instant starting. Starters 
which meet these criteria will normally provide an 
average lead lamp life which will be better than 
ninety per cent of the normal lag lamp life of a 


riven ballast 
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Sector Flux: 


A Useful Concept for Practical Lighting Design 


™ LINES of fluorescent luminaires have 
become increasingly popular in recent years for 
the lighting of factories, large stores, public build 
ings, show windows, et 

A relatively new concept “Sector Flux” 
makes the prediction of direct light received from 
these long linear sources extremely simple and 
rapid. It was investigated some five years ago! and 
has been used continually since then for practical 
illumination design. It has proved itself a useful 
special tool, surprisingly simple to handle once its 
range of applicability is understood. 

The practical electrical and illuminating engi 
neer who favours a bold approach to design with 
out unnecessary complications may well ask: Why 
anew concept? The answer is twofold: New appli 
cations warrant new methods; and a new tool is 
worth acquiring if it saves time afterwards and is 
able to do jobs which cannot be done easily without 
it. 

The job which the “Sector Flux” concept can do 
is the assessment of direct light from long line 
sources. It is essentially a method for point-by 
point calculations, similar to the use of the inten 
sity concept for point sources 

It is rather less important than the latter in the 
photometric laboratory, but probably at least as 
useful for practical design, since infinite line source 


calculations are relatively simple 


Definition and Formulae 


It is a well known fact that the illumination 
from a long linear source does not follow an inverse 
square law as in the case of point sources, but obeys 
an inverse first power law, FE k/R, where k isa 
constant and R the distance of the object surface 
from the source axis. The constant k would depend 
on the source and will vary for different directions, 
and the “Sector Flux” concept is introduced to 
describe this constant for any particular type of 
source. 

Like intensity it is a directional quantity, and 
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Sector Flux: Useful Concept for Lighting Design 


By H. D. EINHORN 


“Sector Flux” is a concept which facilitates 
the calculation of direct illumination from 
long linear sources such as rows of fluorescent 
luminaires. After defining sector flux, its 
practical application is demonstrated by ex- 
amples. Methods of estimating sector flux 
values for common luminaire types are dis- 
cussed, and correction rules for applying this 
infinite line source quantity to finite sources 
are given. 


for any line source a polar curve, normal to the 
axis, can be drawn in terms of sector fluxes. 

If we call the sector flux J, the illumination £, 
at distance R from the source, on a surface parallel 
to the source axis but tilted from the direction of 
incidence by an angle ® (see Fig. 1), then 

J 
cos 8 
R 

The unit for the sector flux J is lumen per foot 
per radian (\lm/f.r.), if the distances are in feet 
and the illumination in footcandles. 

The most common practical case is that of hori 
zontally mounted lamps lighting different points on 
a horizontal or vertical plane (Figs. 2 and 3). If 
H, Z, R are in feet and defined as shown in the 
equation applies in both cases 


JH 


figures, the same 


HT? + 2° 

This illumination value, although strictly apply- 
ing only to an infinite source, will in practice be 
obtained at points not too near the end of a row of 
lights. The interpretation of “not too near” will be 
discussed in the section on End Effect. Some ex- 
amples will first be given to demonstrate the sim- 
plicity and some potentialities of the method. Other 
examples, e.g. industrial local lighting and stack 
lighting, can be found in reference 1. 


Example I: Local Lighting for Vertical Surfaces 


When lighting blackboards, pictures, sign boards, 
lettering, etc., the positioning of the luminaires 
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Figure 1 (left). General lavout. 


Figure 2 (center). Illumination on horizontal plane. 


Figure 3 (right). Illumination on vertical plane (example: picture 


lighting). 


nts a problem which is not always fully under 
a common mistake is to place the light 
es too close to the object plane, resulting in 


illumi ation 


ulation by conventional methods would 


be elaborate or unreliable. A sector flux cal 


shows quickly where best to place the 


conversely what polar curve to aim at 
¢ or designing the luminaires 


if position 


Referring to Fig. 3, one can easily prove’ 


that for maximum illumination at point 2 for 


given Zo, we must make H,»: Zs, i.e. aim at 
$5 degrees incidence of light at the critical 
ybject point 

ii) Calculation of Illumination 

Let us take as example the lighting of exhibi 
tion walls by single 4-ft 
mounted end-to-end 


make H 


Assume we 


o 


——— 


4 








Sector Flu By 


40 watt reflectors. 


b i 
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and have a reflector yielding sector flux values 
of J 130 and Je 180. 

130 

a= 


Then at point 1:2 19 ft-c 


and at point 2: EF tak. 12 ft-e 
, 25 + 49 
(in) If it is desired to improve uniformity, 
the units could be placed further away ; alter 
natively it may be possible to redesign or tilt 
the reflector to obtain a different ratio J2/J, 
For either purpose a few simple sector flux 


calculations could yield useful information 


Example Il: Uniformity Check 


The decision how far luminaires can be spaced 
without resulting in disagreeable variations of illu 
mination is sometimes based on published recom 


mendations,* more often on experience, sometimes 


Figure 4a. Diffusing plane panel. 


Figure 4b. Diffusing semi-cylinder. 
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Figure 5. 


on general rough rules, such as: “spacing not to 
exceed 1.5 height above the working plane.” 

In the case of linear layouts, the sector flux con 
cept allows very easy calculation of the illumina 
tion distribution due to direct light, provided the 


Reflected light will 


* is known 


normal polar curve 
introduce a “safety factor” or can be assessed by 
the inter-reflection or similar methods.*-° Studies 
of this kind lead to a fuller appreciation of the 
function of different luminaire designs 

The following example will show this 

A large area, e.g. a department store, is to be 
lighted by a 


linear arrangement of fluorescent 


lamps. Two different kinds of luminaires (Fig. 4) 
will be compared at different spacings 

The illumination below the luminaires FE, and 
midway between rows E,, will be calculated (see 
Fig. 5) yielding the uniformity factor EZ,,/E, for 
the central working area 
D/2H, 


from equation (2) that 


Introducing 6 one can easily derive 


H 


are taken from 


I, lo 


In these equations @), de, 4s 
the normal polar curves, namely ag = J 9/J 6 
(see Fig. 4 

Note that the polar curves do not have to be in 
terms of sector flux, they may be in terms of inten- 
sities as usually published, in fact the units of the 
polar vectors need not be known at all provided 
the curve is drawn to scale. 

Assuming a spacing of D/H 1.5; 0.75, 
we obtain 

E, =J,/H X (1+ 0.62a. + 0.20a, 3a) 
E..=J./l 0.33 as 4a) 


(1.284, 


Normal P.C as used here means: in a plane perpendicular to 
the lamp axis Axial P.C.” means in a plane containing the 
lamp axis 
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WZ - WORKING PLANE 
E 


Uniformity check. 


From the polar curve of the diffusing panel (Fig 
0.41, a, = 0.3. 
1.40 J,/H, E,, =1.16J,/H, 


0.83. 


fa): a, 0.80, a2 = 0.55, ag 
Hence £, 
and E,,/E, 
The semi-cylinder, Fig. 4b, with its rather broad 
or sector flux) ratios 
0.96 and ay = 0.93. By a 


1.80, E, 1.60. 


er polar curve, has intensity 
0.99, as 


of ay 1.0. le 


similar calculation, we obtain EF, 
and E,,/E, = 0.89 

This shows that projecting diffusing luminaires, 
such as semi-cylindrical, cylindrical, or box type, 
as well as plain bare lamp channels could be spaced 
wider apart with little harm. Even for the rather 
wide spacing D/H 2 t.e. 8 1, E,,/E, becomes 
only 0.79 for the which 


projecting luminaires 


might be accepted, but 0.64 for the flush panels 


which would surely be excessive. 


End Effect 


In theory the sector flux concept is only appli 
cable to infinite sources, in practice all sources are 
finite. Sector flux caleulations are therefore ap- 
proximative in character, but so are most illumina 
tion caleulations 

Experience shows that equations (1) and (2) as 
they stand are accurate enough for most practical 
purposes. In some applications, however, a check, 
or, better still, a correlation for the end effect may 
be desired, and in any case we like to know the 
limitations of the method. 

One statement can be made immediately, on sym- 
metry considerations: the illumination below the 
end of a very long source, is one-half of the illumi- 
nation far away from the end, provided the source 
is symmetrical (in the sense that the axial polar 
curve of a single luminaire is symmetrical). This 
is usually the case. 

The transition from this half value to the full 
value far away from ends depends on the axial 
polar curve. A full treatment of this function has 
been given previously :' for practical purposes Fig. 
6 should suffice. 
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1 Fig. 6 applies to bare fluorescent 
lamps, and with practical accuracy to most lumi 
naires with or without reflector or diffusing cover- 
ing, provided there are no cross louvers or pris 
The A-seak 


or results obt 


atic control in Fig. 6 can be used as 


orrection f iined by equations 1 and 


namely 


EK J R A 


this orrection 18 less thal 7) pr r cent 


1.25 R, for distances fron lamp end 
than 1.25 object distance. In cases where 
nds must be considered. two eorrections aré 


4=4,+A4 


‘tion would 


ed and simply added 


‘or eross louvers this correction 


lie somewhere in the shaded area in Fig. 6, and the 
actual luminaire design must be known for more 
accurate prediction, which is rarely required. 

The practical conclusion is worth noting: in all 
linear layouts, those parts of the working area 
which lie below the ends of lamp rows are liable 
to be underlit, particularly if the reflection from 


end walls is not very high 


Gaps Between Luminaires 


The sector flux concept is not restricted to a per 
fectly continuous source. The effect of lamp holders 
and dark lamp ends is as a rule quite negligible. 
Even if lamps are spaced several feet apart the 
method can be applied with practical accuracy, 
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Figure 6. End-effect. 
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Full line for fluorescent lamps and plain reflectors. Shaded region for cross louvers. 
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ABLE I — Bare Lamp Sector Flux Values. 


Sector 
Flux (J) 
Spacing Lamp Flux 
c (F) 


Sector Flux 
Lamp Flux (F) J) 


Lamp Type ( 
(Assumed) Derived 


(Example) 


i 4 
4 4 


J-values in dire 
ore lamps, multiply 


provided the distance from the source to the ob 
jects illuminated is larger than the pitch C between 
lamp centers, t.e. if R > C (Fig. 6 

It is important, of course, to realize that the 
sector flux value itself is inversely proportional to 
the pitch for any luminaire type used. If therefore 
the sector flux for four-foot luminaires is J when 
mounted end-to-end. the reduced value J, for 
pitch C is J, 4J/C 

This leads to the question How do we know the 


sector flux value for any particular application ? 


Assessing Sector Flux Values 


Sector flux values have not so far been published 
by luminaire manufacturers. This could hardly be 
expected considering the relative novelty of the 
concept, although measurement on a single lumi 
naire can be made with inexpensive apparatus.- 
One has at present therefore to estimate the J 
values or calculate them from other data known. 

i) A simple estimating method consists of 
assessing the J value for bare lamps and then 
multiplying it by suitable factors to allow for 
reflectors or louvers 

For bare lamps which can be considered as 
uniform sources’ 
J = F/22xC 
vhere F is the output of each lamp, C the 
mounting pitch. (See Fig. 6. 

A few typical examples are given in Table I 

For reflectors these values should be multi 
plied by suitable factors which can be esti- 
mated from experience with candela values, 
since reflectors affect J and J in practically the 
same way. For louvers a percentage deduction 
has to be made, which in the vertical direction 
is rather less than the percentage lumen loss of 
the luminaire due to the louvers. 

ii) Another way of estimating J is to base it 


on intensity values if the latter are known, 
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TABLE Il 


Ratio of Sector Flux/Intensity p. 


Type of Source 


if a normal polar curve in terms of can 
The ratio of J/I, has been 


calculated for three fundamental cases! and 


delas is available 


measured for a number of practical lumi 


naires.” Here J, is the intensity per unit 


length, i.e. the intensity of one luminaire 
divided by the mounting pitch C. Table II 
gives some representative values 

iii) An accurate determination of J can be 
made if a normal polar curve and the nef light 
output F,, of the luminaire are known. In this 


case 


where 7, is the intensity vector in the diree 
tion of interest 6, 

I.» is the average value over 360 degrees of all 
polar vectors.* 

F,, is, of 


light output ratio while ( as before is the 


ourse, the product of lamp flux 


mounting pitch 

As an example let us consider the flush dif- 
fusing panel shown in Fig. 4a. 

Assume it has a light output ratio of 54 per 
cent and contains 40-watt lamps of 2250 Im 
mounted end-to-end, at 41” pitch. Hence the 


average sector flux 


D4 2250/2 74.1 $7 lm/f.r 


The mean of all vectors in the polar curve 
can be determined as 0.32 of the maximum in 
a vertically downward direction. Hence J 
417/.32 


of the polar eurve 


147 lm/f.r. which establishes the scale 
Assuming further that H 
is 9 ft, then E 1.16 X 147/9 = 19 ft-e 

Similarly for the semi-cylindrical luminaire 
with a light output ratio of 64 per cent, we get 
J, 56 /.59 95 lm/f.r. and E, 1.60 
95/9 = 17 ft-e. Since this unit has an indirect 
component of nearly 20 per cent, reflected light 
would bring the illumination more or less up 
to the value obtained for the plane panels. 


*This is readily obtained from the polar curve, since the simple 
average is meant: methods such as Rousseau's diagram used for 
rotational polar solids do not apply here 
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Limitations of Method 
has in the past been successfully ap 


estimating the illumination on surfaces 


in particular on a horizontal 


parallel to the source, 
working area with horizontal rows of luminaires 
are tilted towards the end of the source, 

tion becomes more intricate and the result 


1 


depends on the axial polar curve In particular 


for calculating illumination on a vertical surface, 


i 


normal to the lamp axis, e.g. an end wall, other 


probably at least as convenient.’ For 


methods are 
vertical or inelined surfaces parallel to the source 
applies 


axis, however. the sector flux concept 


readily 
The main other limitation is the ratio of length 


f source/distance to objec End effects diseussed 


become too large to allow easy approximation un 


less the source length is greater than the object 
distances 

For larger distances finite line source calcula 
tions are required®:’ which are not nearly as simpl 
as the sector flux method. For still larger distances 
greater than two lamp lengths, the source can 


point souree, if necessary with a 


Conclusions 

This article attempts to ‘xplain the application 
of the sector flux concept to practical lighting de 
sign. Its use should facilitate the prediction of 
illumination in eases where more complex methods 
of calculation had to be used before. which meant 
in practice that guessing often took the place of 
calculating. It is hoped, therefore, that rational 
design will be fostered by its introduction 

A final word to those concerned with teaching 
illuminating engineering: the restriction of ele- 
mentary courses to point source calculations often 
leads to misconceptions about the universality of 
the inverse square law. Line source studies form 
an antidote against its thoughtless application, and 
are simplified by the sector flux concept as teaching 
experience has shown 

\PPENDIX 

COMPARISON WITH McPxHat.’s “Los” NOTION 
d a method of caleulating direct 


sources, using two functions 


Here 4, and 4, are to be taken from Fig. 6 
The curve in Fig. 6 and the los function are thus related 
l A 0.5 (1 + los X/R / los « 
" for object surfaces pe rpendic ular to the soures 
urves E,R/J in figure 8 of Reference 1, correspond t 
functions, thus 
Ep, R/J 0.5 sol X/R / los « 
relative merits of the two methods can only be judg 
ounds of convenience. While quantitative prediction is 
both, the speed ind ease of obtaining results ir 
liffer according to the job to be done 
e author’s opinion each method is specially suited 
fferent but overlapping range of applications 
sector flux concept is simpler and easier to handle in 
ere the end-effect can be neglected, e.g. for rougl 
s, and generally if .X 1.2 R, in which case the 
is practically a horizontal line. Uncorrected 
calculations have the advantage of not being 
on the knowledge of axial polar curves 
other hand accurate prediction of illuminati 
ear the end of the source is desired, in the case of 
ial luminaires with unusual axial polar curves 
prismatic luminance control, “los” functions based 
neasurement are most suitablk So are “sol” functions 


ing the illumination on surfaces which are 


with the sources. 


remains a fair range of applications wher 


an be used with about equal convenienc 
irate prediction of illumination in the case 
es built up of luminaires, employing enam: 


diffusing media for light control. The choic 
method will then be a matter of taste or of luminair 
ivailable 


sector flux concept has, however, a fundamental 


ince which transcends taste and convenience, namel\ 


property of an infinite line source analogous to 


ntensity of a poimt source 
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Watch for November I.E... .. 


which will feature the winners in the 
National contest for My Most Interesting 


Lighting Job 
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vestions and Béinswers 


on light sources 


The 1.E.S. Committee on Light Sources, under the chairmanship of 
E. H. Salter, has prepared these answers to questions concerning 


light sources. 


of general interest to be considered for publication. 


Readers are invited to submit similar questions 


Questions 


should be sent to the Committee in care of Society headquarters. 


Can rapid-start fluorescent lamps be success- 
fully operated on switch-start ballasts? 


Forty-watt rapid-start lamps will give good life 
performance in luminaires using ballasts designed 
However. glow 


for switch-start (pre-heat) lamps. 


switch starters should be used. Thermal-switch 
starters may cause early end discoloration of the 


lamps 


What is the difference in lumen rating be- 
tween the deluxe and standard white fluorescent 


lamps? 


The “deluxe” lamps produce more red light than 
the “standard” lamps in order to provide a more 
pleasing color rendition for some applications. Due 
to the lower luminosity of red light there is a re- 
sultant reduction in efficiency for the “deluxe” 
lamps. The “deluxe” lamps will have approximate- 
ly 30 per cent less initial lumens than the corre- 


sponding “standard” lamps 


Why do deluxe cool white fluorescent lamps 
of different manufacturers appear to differ in 


color? 


The color appearance of various fluorescent 
lamps long has been covered by Federal Specifica- 
tions. These specifications require that lamps of a 
viven color (for example, cool white of a color tem 
perature of 4500K 


within certain definite tolerances 


meet the color requirement 
These tolerances 
are approximately £20 minimum perceptible color 
differences (MPCD). Lamps of all reputable man- 
ufacturers are maintained carefully within these 
color limits. However, lamps that are well within 
specifications may appear slightly different in color 
if viewed side by side. 

In the ease of deluxe colors, each manufacturer 
is primarily interested in the color rendition of his 
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lamps rather than their precise color appearance 
As a result of this emphasis on color rendition, 
there is probably a greater variation in color ap 
pearance of deluxe lamps, although these lamps too 
are maintained within the tolerances permitted by 
Federal Specifications for the standard colors 


How much drop in the supply voltage will 
cause fluorescent lamps to black out? 


Different 
give different results, but the following will serve 


lamps and ballast combinations will 


as approximate supply voltages that will cause 40 
watt fluorescent lamps to be extinguished 
Switch-start ballasts 
Lead circuit volts 
Lag circuit volts 
Rapid-start, series ballast volts 
Instant-start ballast 
Lead circuit volts 
Lag circuit 45 volts 
Instant-start, series ballast 60 volts 
It should be realized that the extinction voltage 
which is given here is not the same as the ignition 
voltage and that, in general, lamps will not relight 
if only extinction voltages are applied. Continued 
operation at voltages approaching these limits may 


drastically curtail lamp life. 


How successful is the “rejuvenating” process 
as applied to fluorescent lamps? 


With a normal failed fluorescent lamp, the cath- 
ode emission material is completely dissipated from 
at least one cathode. This material is deposited on 
the inner bulb-wall surface and the Committee is 
not aware of any method of returning the material 
to the cathode in order to bring back useful life to 


the lamp. 
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Annual Fundamentals Course 
Underway in New York 


Phe Fundamentals ot Illumination 


Windows and Glass Exteriors — 
Topic of Building Conference 


. offered annually by the New York 


Fourth Se«sien Standardization 
f Wind 
A war ‘ 


Design Applications 


NOVEM 


iret Session: Functions of the Building 


Envirenment 





Applications for 
Retired Membership 


ew retired membership classifications 


become new seal year, beginning October 1, 1956. 
Privileges in these ne grades, earned by long membership in the Society, 
nelude reduced annual due $5) with continued receipt of all Society 


ilings including the monthly Journal, ILLUMINATING ENGINEERING 
embers will be designated as Member, Retired; Associate Member, Re 
t last thirty years of 


Such 


ed; ete. Those who are interested and qualified (a 


membership and 65 years of age) should address a letter to the General 
Secretary at Headquarters, stating that they have retired from regular 


occupation in business or profession. 
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1.E.$. Gold Medal Nominations — 
January | Deadline 







January 1 is the closing date for re 





ceipt of nominations for the L.E.S. Gold 





Medal. Nominations for this, the highest 






award of the Society, are invited from all 






members, for consideration by the Medal 
Award Committee 
The LE.S. Gold Medal is awarded to 


give recognition to meritorious achieve 


















ment which has conspicuously furthered 





the profession, art or knowledge of illu 






minating engineering. Candidates need 






not be members of the Society, nor citi 





zens of the United States or Canada 





Nominations may be made at any time 








by any member of the Society by pre 

senting to the General Secretar) ire of CHARTER NIGHT of the Chinook Chapter, LE.S., in Calgary, Alta., was 
Society Headquarters, the name of the attended by a large and enthusiastic turnout of members and guests (above). 
individual whose accomplishments are Presentation of the Charter was by Pacific Northwest Regional V-P Blair Plow- 
deemed worthy of such recognition. Thes man, who came from Spokane, Wash., for the occasion. In photo below are: 
may be in the field of engineering, de- left to right, Bob Underhill, Board of Managers; Joe Thomas, Canadian Re- 
sign, applied illumination, optics, ophthal gional V-P who came from Montreal; Don Little, Chapter Secretary; Mr. Plow- 





mology, lighting research, education, or man; Don Frost, Chapter Chairman; and Gerry Woods and Martin Vickers of 





1dministration and management the Board of Managers. Bob Mason, also a Manager, not in photo. 






In order for a candidate to be consid 





ered for the award, a letter requesting 





such consideration must be received at 






Headquarters before January 1 of the 








year Nominations and records on file 








and re 









from previous years, as reviewed 





ferred to the incoming Committee by pre 
Medal Award 


considered alor 






Committees, will be 















g with new nominations 









Chinook Chapter, 1.E.S. 
Holds Gala Charter Night 


Distinguished guests from n and 









far, a meeting place overlooking the 









Canadian Rockies from where tl fa 





Chinooks blow from 













tributed to the gala quality of the Char 







aS . ‘ 
ter vht of ¢ » wk Chante in ¢ . aner 
Nigh he Chinook poor mation of the two Chapters appearing over Calgary TV _ station 
gary, Alberta The meeting was held at the city’s new CHCT, and a tape recording of an inter 
m¢ the s ruis ruests were — 
Among the distinguished g . Municipal Airport, overlooking the b« view with Mr. Plowman and Mr. Thomas 








Calgary’s Mayor Don MacKay, 






} at 
wh i 
ins forementioned Rocky Mountain scenery was presented ona feature radio program 










ender t s - LU. S. Cons ¢ . 
tended with his wife; U. , nsul Ken it its best. Gifts were presente d to the throughout the « ity. 
¢ ] ” e ) ©’ spre a y . . . ‘ 
neth Oakley, who spoke on the spreading new Chapter by fellow Sections in the In short, name it, the Chinook Chapter 
of better living standards through the Region. The whole meeting was televised, did it. 







technical exchange of ideas; I.E.S. Ca 






nadian Regional V-P Joe Thomas from 





Montreal, and, perhaps most important 
to the Chapter, Pacific Northwest Re 
gional Vice-President Blair Plowman who Report on National Technical Conference 
presented the Chapter’s charter. To Be in November | E 


Other non-local dignitaries were Ralph 











McKenzie from Lethridge (150 miles The complete report on the I.E.S. Fiftieth Anniversary Na- 
away), Mr. and Mrs. R. C. B. Jarvis and tional Technical Conference, held in Boston September 17-21, 
Mr. and Mrs. Fred Dorward from Ed will appear in the November issue of ILLUMINATING ENGINEER- 





monton. Mr. Jarvis is Chairman of the 





ING. Photographs and reports of the special Golden Anniversary 





new Edmonton Chapter, and Mr. Dor- 





events will be featured, in addition to the technical program. 





ward was the I.E.S. Representative in 





Alberta and a driving power in the for 


















OCTOBER 1956 Lighting News 9A 





ANNUAL SUMMER CONFERENCE of the New England 
again held at the Peabody Country 


Section, LE.S. was 
Club, Peabody, Mass., on August 2. Smiles appearing in 


group photo above attest to the good time enjoyed by 
everyone. On this occasion also, the Section presented the 
awards for its contest for My Most Interesting Lighting 
Job. In photo at right, left to right, are: Eugene Frost, 
second place winner; Alonzo Taylor, first place winner; 
Howard Basset, who made the presentations; and third 


place winner Walter Staples. 


Lighting Library Planned 
By Chicago Groups 


techniques in the field of | National Science Foundation 
field Makes 289 Grants 


of education and reading, with emphasis ; . 
The National Science Foundation has 


3,504,227 


with modern 


vision and lighting as applied to the 


lie sehool 
innounced 289 grants totaling $ 


awarded during the quarter ending Jun: 
1956, for the support of basic re 


search in the sciences, for conferences in 


Street Lighting Slides 
Offered by E.E.1. 


support of science, for exchange tf scien- 
tihe information, for training of sclence 


rht , 
— ng 
teachers, and f he support for attend 
ee if entists t et vs broad 
ighting Committe ul ( scienti a me ng abroa 
¢ 


This is the fourth and final group of 


Institute 
irements of light, iwards to be made during the fiscal year 
ommended prac 1956. Sinee the beginning of the pro 
juts covering vari gram in 1951, 2495 such awards have 
been made, totaling almost $30,000,000 


School Vision Conference Held 
By Pennsylvania Groups 


ghting The grants have been made to institu 
des are now avail tions and scientists from all over the 
ndustry for showing eontinental United States, Hawaii, Puer 
lunicipal groups if to Rieo, Great Britain and France. The 
street lighting research fields included are inthropology, 
21 2 x 2-inch slides astronomy, chemistry, biology, physics, 
wk and white) and earth sciences, engineering sciences, 


6.50. Both are avai mathematical sciences, and socio-physical 


ee trial basis. Addi sciences. The research grants were ap 


the National Science Board 
the Com upon the recommendation of Dr. Alan T. 
f the Foundation 


are free of proved by 


lectri In Waterman. Director o 


New York 
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an 


Livin 


if you ask 
for it... 


INSIST 


on getting it! 


YOUR LONG-RUN PROFITS DEPEND 


ON THE FIXTURE ITSELF! 


If you are looking to a future increase in your business and your profits—be sure you 
get KIRLIN Fixtures when you ask for them. Their many advantages for your cus- 
tomers, and the greater light output, help to build good will for your business. Their many 


direct advantages to you, such as easier and quicker installation, make more money for you. 


However, KIRLINs are being imitated in appearance just like the leading products 
in other fields are imitated. The distinctive color combination on recessed fixtures, the 
white frame and bright metallic door, was originated and copyrighted by KIRLIN; how many 


other makes can you name who have tried to make their fixtures “look like KIRLINs?” 
These exclusive features and policies have yet to be equalled: 


GREATEST VARIETY OF LENSES 
« SOLD ONLY THROUGH TRADE CHANNELS 


GENUINE GLASSURFACED ALUMINUM REFLECTORS 


* MADE IN ALL SIZES—SQUARE OR RECTANGULAR — AND IN FLUORESCENT 








LARGEST SELLING RECESSED LINE—MILLIONS IN USE EVERYWHERE 
@ WIDE-ANGLE OR CONCENTRATING LENS @ EASLY 


INSTALLED BETWEEN JOISTS @ IN STOCK AT LEAD- IR | 3435 E. JEFFERSON AVE: 
ING WHOLESALERS @ UL AND IBEW LABELS T e @ DETROIT 7, MICHIGAN 
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FOOTCANDLES for maintaining house plants are demonstrated at the Minnesota 


State Fair by LE.S. Twin City Section members Dick Graf, left, and A. B. 


Hallaway. Demonstration was sponsored by the Northern States Power Co. 


Indoor Lighting for Plants 
Displayed at Minnesota Fair 
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Now the buyers of your 
fixtures are assured 
immediate “in-warranty” 
replacements of Sola ballasts, 
anywhere in the United States! 


No delay: No red tape! No cost! 


A 


On 
’ 


New Sola Ballast Service Pian enlists qualified 
electrical wholesalers all over the United States 
as ballast service centers. 


e Electrical Contractors get immediate replacement of any 
defective in-warranty Sola ballast — with a Sola or any 
equivalent certified CBM ballast of another make! 


e Participating electrical wholesalers are provided sales 
aids to promote this new Sola replacement service to 
their contractors—plus their cost and contractor’s resale 
profit on any Sola ballast replaced. 











Just what is the new 
Sola Ballast Service Plan? 


It’s a revolutionary new plan which makes it possible for electrical 
contractors to get immediate replacement of any in-warranty defective 
Sola ballast, anywhere in the United States. 


Any qualified electrical wholesaler who stocks certified CBM ballasts 
for over-the-counter sale can make the replacement. Wholesalers do NOT 
have to stock Sola ballasts to participate in the program, but can make 
replacements with any equivalent certified CBM ballast. 





















Participating electrical wholesalers will be designated as Sola Ballast 
Service Centers and will receive their original cost on replacements made, 
plus their full contractor’s resale profit from Sola Electric Co. This applies 
to any Sola ballast replaced under the terms of the plan, regardless of 
the make of the certified CBM replacement. 








Who benefits by the new Sola Ballast Service Pian? 







The Fixture Manutacturer benefits because he’s assured that the 
ultimate user, regardless of location, will get quick ballast replacement 
service in restoring his fixture to perfect operating order in those rare 
instances when a Sola ballast fails. 


The User benefits because there’s absolutely no delay in getting a 
new ballast to return his fixture to top working order, anywhere in the 
United States. 


The Electrical Contractor benefits because he receives an im- 
mediate, free replacement for any in-warranty defective Sola ballast from 
his local wholesaler. The contractor keeps Ais customers happy with his 
service too. 


The Electrical Wholesaler benefits because he recovers not only 
his cost but realizes his full contractor’s resale profit on any in-warranty 
defective Sola ballast he replaces. He does not require any additional 
ballast stock. It’s a real service to his customers, at a profit to him. 



















The Quality Standard of Sola Ballasts 


The Sola Ballast Service Plan is made possible because Sola ballasts 
have an exceedingly low failure ratio. Less than 14/100-of-1% of all Sola 
ballasts fail in warranty, and less than 9/100-of-1% of Sola Rapid Start 
ballasts fail in warranty, according to carefully maintained records. This 
unusually low failure ratio is due to Sola’s exceptionally high standards 
of quality in engineering and manufacturing 











CBM 
CERTIFIED 
by 





Here's how the Sola Ballast Service Plan works 


1 « Should an electrical contractor 
find a Sola ballast which has be 
come defective within the warranty 
period, he returns it to any quali 
fied electrical wholesaler anywhere 
in the United States. The whole 
saler checks the date of manufa 

ture stamped on the ballast cover 
If the ballast failed within two 
years of its manufacturing date, 
it is considered “defective-in-war 
ranty.” 


s 


2. The electrical wholesaler is authorized by Sola Electric Co 
to replace at no charge, the defective in-warranty Sola ballast with 
another Sola ballast if he has it in stock. If not, he refers te a Cross 
Index Ballast Replacement Guide, provided by Sola, to find an 
equivalent certified CBM ballast of any make 


3. The Wholesaler immediate- 
ly gives the contractor the zquiva- 
lent certified CBM replacement 
ballast from stock, and the con- 
tractor signs a receipt for it. The 
electrical wholesaler forwards a 
copy of the receipt with his invoice 
to Sola Electric Co. Sola credits 
him with his wholesale cost plus 
his full contractor's resale profit 
for the ballast replacement, just as 
if the replacement ballast transac- 
tion was a sale to the electrical 
contractor. 


4. Within 30 days, Sola Electric Co. issues a check to the electrical 
wholesaler for the total value of any credit due him. Or, if the whole 
saler prefers, Sola will credit the accrued amount against any Sola 
equipment he may wish to order 














Write for information on the 


new Sola Ballast Service Plan 


Sola ballasts are already recognized for superior 
design, construction, and performance. They are ware- 
housed on both coasts and in the Midwest for prompt 
shipment. Qualified sales engineers are headquartered in 
every principal marketing area of the country to help 
you solve any service or technical problem that might 
arise. Now, in addition, Sola ballast service is expanded 
to include the most comprehensive replacement service 
plan in the industry 


This combination of quality, plus nationwide service, 
makes Sola ballasts your best choice for installation in 


SOLA pene «. 


My name. 


your fixtures. Most likely you are already familiar with 
the superior quality and dependability of Sola ballasts. 
Now you can gain another tangible competitive advan- 
tage for your fixtures as a result of Sola’s new Ballast 
Service Plan. 


Mail the coupon below or phone for complete infor- 
mation on this unique ballast replacement plan. We will 
mail a detailed explanation to you promptly. If you 
wish, a sales engineer will call on you to give you any 
other information you may want to know about Sola 
ballasts or other products. 


TO: SOLA ELECTRIC Co. 
4633 West 16th St., Chicago 6O, til. 


© Please mail a detailed explanation of the Sola Ballast Service Plan. 
©) Please have a Sola sales engineer call. 





4633 W. 16th St., Chicago 6O, Il. 
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@ This “Quality Controlled” label may be 
used only by qualified extruders of Du Pont 
Lucite acrylic resin. It assures the lighting 
industry that the extruded material con- 
forms to standards for low shrinkage and 
uniform caliper established by E.1. du Pont 
de Nemours & Co. (inc.). 











The new branch of the Plainfield Trust Company in Fanwood, New Jersey, 

incorporates lighting that is both efficient and attractive. Fixtures of Lucitt 

acrylic resin are installed ophthalmically designed to diffuse light evenly with an 

absolute minimum of light absorption. The units create an inconspicuous dif- 

fused glare-free, yet bright illumination that makes for relaxed efficiency. 
Panels of Lucire are strong, durable, free from discoloration and dimension- 

illy stable. In addition, Luctre is light in weight, easy to handle and install. 
Because of these outstanding features, LUCITE is being utilized in practically 

all types of modern lighting installations: modular light diffus- 

ing panels, large-area lighting, low-brightness lenses for troffer 

and pendant luminaires, side panels, cove-lighting enclosures, 

and protective covers for outdoor lighting fixtures. 

SEND FOR FREE, NEW BOOKLET. This new 12-page illustrated 

booklet describes all the latest property and application data 

on Lucite acrylic resin for lighting. For your free copy, write 

E. I. du Pont de Nemours & Co. (Inc.), Polychemicals Depart- 

ment, Room 2810,Du Pont Building, Wilmington 98, Delaware. 


BETTER THINGS FOR BETTER LIVING . . . THROUGH CHEMISTRY 
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AELUMINAIRES 


Unquestionably . . . large area luminous elements are the best medium for 
providing adequate illumination to meet the requirements of modern light- 
ing. But esthetic values often have suffered because a wide variety of large 
area luminaires was not available. 

This sacrifice is no longer necessary because the largest line of large area 
luminaires available anywhere today is now being produced . . . by LPI. 
These unique fixtures offer the widest variety of combinations. . . providing 
the architect with unusual freedom of selection to enhance room beauty and 
environment . . . inspiring new interest in ceilings . . . giving a modern, 
contemporary look to the lighting system instead of spots, slits and straight 
lines produced with ordinary types of fixtures. 

LPI anticipated the needs of modern lighting far in advance . . . LPI 
developed standard lighting systems, too, but went even further by setting 

_—_ the trend in large area luminaires . . . earned the reputation of Pacesetter 
ir the Lighting Industry. 


‘|p Designed Yesterday for Today's Needs 


e LARGE AREA LUMINAIRES are Detailed in This New Free Catalog 


‘= ) >) MAIL THIS COUPON TODAY! 


LIGHTING PRODUCTS INC. sicnianc Pat? wincis 


Gentlemen: | am interested in LPI's exciting, wide-variety line of large area 


luminaires. Please rush me a copy of your free catalog 
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Company 





Address 

















Honeylite—beautiful to look at— 





and mighty easy on the eyes! 


The efficiency and beauty of a Honeylite illuminated ceiling is unsur- 
passed. The thousands of hexagonal aluminum cells cast a shadow-free 
luxuriant light into every corner of the room. Honeylite diffuses and 
distributes light so discreetly and evenly that surface brightness is 
reduced to a minimum. In the soft, glowing light of such a room, work- 


ing fatigue due to glare is eliminated — making Honeylite an ideal 





lighting material for use in schools, offices or wherever visual comfort 
is necessary to maintain day-long peak preduction. Specify Honeylite 
for your next lighting installation...whether used for louver-all lighting, 
in recessed troffers or individual lighting fixtures Honeylite is the most 


beautiful, most functional light diffusing material you can find anywhere! 





HONEYLITE 

(shown at right actual 
size) installation is simple, = | s 4 - / 
nexpensive. For full ceiling, ee | | E LI E 
aluminum T-bars are used " 
to suspend HONEYLITE LIGHT-OIFFUSING ALUMINUM HONEYCOMB 
panels below lighting units é : ; . 
HONEYLITE is also ideal A development of HEXCEL PRODUCTS INC. 


for use in troffers and @51 SIXTY-FIRGST STREET. CAKLAND 8. CALIFORNIA 
hghting fixtures 


® 
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THE LIGHTS THAT GO IN 
WHEN THE PAINTERS GO OUT... 


No On-Job Storage. No Paint-Spattered Fixtures. 50% Savings on installation costs. 


Gibson OrtHo Fixtures need not be stored on the job where they’re in the 
way of workmen and in danger of damage. Actually, Gibson OrtTHO Fixtures 
can be delivered to the job the day before occupancy, because each fixture 
simply snaps into place in a matter of seconds, just as it comes from the box 
—sparkling clean, factory-fresh. 

If you're interested in better lighting with savings of more than 50% on 
installation costs, then you really ought to know more about the Gibson 
Ortno Line for industrial and commercial applications. Drop us a line. 
We'll send you the whole story. 


FLOOR @ A special channel (UNI-RACE 2. READY FOR THE FIXTURES @ The UNI-RACE in place 
sections is assembled and wired on the showing the built-in receptacles at 48” intervals While the 
and mounted directly on joists building is under construction, it will serve as a source of 


rs of labor wer for tools and temporary lighting 


3. SNAP—AND IT’S UP! © When the painters heve left, the 4. VARIABLE SPACING @ Fixtures may be installed in con- 
fixtures con be delivered to the building and snapped into tinuous rows or spaced at intervals of 4, 8, 12 or more feet. 
place as fast aos they are unboxed. Each fixture has a built- Units may be added, removed or rearranged any time with- 
in plug which engages the receptacle in the UNI-RACE. Fix- out tools. Special “fill-in” sections close the UNI-RACE where 
tures align themselves automatically mo fixtures ore mounted. 


COMMERCIAL 


® AND PAT. PENDING 


OCTOBER 1956 





ALL-BRITE 


fluorescent fixtures of california 


LIGHT OF THE WEST 


the symbol UM Caste of progress 
in 


FLUORESCENT 
LIGHTING 


New Electrostatic Paint Process—first of its kind 
in the lighting industry—insures highest quality 
finish for all painted All-Brite parts. 


Write for Catalog B-115 


FLUORESCENT FIXTURES OF CALIFORNIA 


Main Office and Plant: 352 Shaw Road + South San Francisco 
Branch Plants: 239 West 31st Street + Los Angeles 7 
1318 S. W. First Avenue « Portland 1 


THREE PLANTS TO SERVE THE WEST 
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Outdoor Productive Areas PUBLIC CONVEYANCES — INTERIOR LIGHT. 
—— too ¢ . , Re I t ING — ‘I stud PI « 


TECHNICAL COMMITTEES a a a ae 
AVIATIO 


N am 7 iv ' , ght Revision of Recommended Practice 
’ { ‘ ner 


COLOR — T Sawmills 


DAYLIGHTING — 


INSTITUTIONAI 
i , tir 


SCHOOL — Ti 


ind lighting 


DESIGN 
. F teriums and Churches 


PRACTICE — T 


n edu 


SEARCHLICHT —1 
App ation of t 

Theaters 

EDUCATION—To prey | 


rair g¢ programs on t) fur " . ] \\ 


LIGHT CONTROL EQUIPMENT DESIGN — 


Washi 


Executive 
J. A. Bartelt, Chairmar Dept. of the Navy 
Bureau of Aeronautics, Code EL-S 211, Was) 


Bibliography 
LIGHT SOURCES — 


HANDBOOK REVISION —To rv , . eu ' 


r ‘ ‘ sl content 


Light Sources 


irrar > 
R 


Nomenclature 
Ernest Bogh« ' hairman, Dept 
Navy, Burea s, Code 560, W 
MAINTENANCE — Ti Ss D. ¢ 
tribu g to maintenar 
ork Optics 
D. Pete 
IES-ASHAE— (American Society Heating & ach studies by appropriate 
Airconditioning Engineers Joint Committes Francis Clark, Chair n ‘ 
To study the relationship between lighting 1 Meridan Road. Waterbu Conn i ef IES Handbook 
various factors that enter into the ther yy Projector, Chairman 
environment and report thereor MOTOR VEHICLE (EXTERIOR) —To stud) f Standards, Washington 
R. W. MeKinley, Chairman rgh l the problems of illuminating the night 
Glass (<« 1 Gateway Center. Pitts , 9 t of motor vehicles and to make titabl Testing Procedures 
Pa commendations for promoting n mu Tr. H. Projector, Chairman, National Burea 
safety and convenience including a ory f Standards, Washington 25, D. ¢ 
INDUSTRIAL — To initiate, follow ur illuminated signal and affic aids mee 
quelled Gehiine state Ganbete te ‘ a! R P. Teel Chairmas National | Visibility of Seur es ; 
25. D. ¢ W A. Pennow, Chairman, Westinghouse 


trie Corp 1216 58th St., Cleveland 1 


trial field, review the reports of the v Standards, Washington 
subcommittees in this field and make 
mendations to Council NOMENCLATURE — To define the terms Visibility of Targets 
W. H. Kahler, Chairman, Westinghouse Ele« standards of illumination ind endeavor to L. R. Noffsinger, Chairman. National 
tric Corp., 1216 W. 58th St., Cleveland 1 obtain uniformity in nor of 
Ohio ila Presbrey airmé Westinghouse 

ectric Corp., Blo« eS SIGNAL LIGHTING, ELEMENTS OF — To com 
Central Station Properties pile a compendium of current information on 
L. G. Parks, Jr.. Chairman, Ebasco ' OFFICE — To study ‘ r requirements all phases of signal lighting. 
It 2 Rector St New York, N. Y¥Y fice lighting tasks, develop 1itable light I ( Breckenridge, Chairman, National Bu 

dations and report thereon reau of Standards, Washington 25, D. ¢ 


Standards, Washington 25, D. ( 


Clothing pear hairman, Toronto Hvydro-Ele« 
Norman Krids Chairman, Rochester Gas & r 4 Carlton St., Toronto, Ont 
Electri Co., 89 East Ave Rochester N. ¥ 


SPORTS AND RECREATIONAL AREAS — To 
develop current recommended practices for 
: J lighting sports and recreational areas study 
PROGRESS — To keep in touch with develoy 


; techniques of application including effects on 
Foundries ments in the art of lighting throughout the 


player performance and spectator visibility and 
- report thereon 
Nela Park. Cleveland 12 ) ents t ‘ mina £ engineering F. D. Wyatt 

MINATING FI 


k A. Linsday, Chairmar r ‘ ‘ vorld and prepare a yearly review of achieve 


Chairman : Cottage Hill 
. , = Ave Elmhurst, Il 

Graphic Arts . eCul rman, Independer W. Ross, Secretary, Commonwealth Edisor 

Ralph Enghouser, Chairman, Sylvar I 192 irteenth St , 72 W. Adams St., Chicago 90, Il 


Products, Inc 4700 Parkside Ave *h P irman, General 


phia, Pa é ] and, Ohio (Continued on page 38A 
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There is a place for 


Dramatic LUVE-TILE 


in every new building...or re-lighting job 


Sater meg One-foot Square Louvred Panels Offer 
A egg Practical, Creative Advances Over All Other Types 
—Particularly for Small Areas 


Hinging arrange Versatile handsome — highly flexible, Luve-Tile is the 
< yaa, - toe y+ delight of architects, illuminating engineers, contractors. 
position. No bars Designed by Wilson Engineers — manufactured under 
Beoene are Wilson patents — it is (1) Easy to assemble to suit any area: 
no custom-made work necessary. No horizontal bars or 
rosettes required. (2) Easy to maintain — rigid, light in 
weight easy to remove and wash. Dirt collection is re- 
tarded — does not hold insects, foreign matter. (3) Easy on 
the budget — Sprinklers and air ducts are concealed and 
wiring and other work may be simply surface mounted. 
Also low-cost acoustic material may be sprayed on the 
cavity above the tile for sound proofing. LUVE-TILE is 
practical and economical to use in any area, right down toa 
few square feet. It is also widely used in display for special 
effects 


Luve-Tile 


ramat ap 


Write for Luve-Tile Catalogue section No. 8. 


“Engineered Seeing” 
- A. WILSON LIGHTING & DISPLAY INC. 


DELAWARE AVE BUFFALO N.Y., PHONE MOhawk 5596 


AKESHORE R 
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_ For complete flexibility in lighting design... 


ipo oe 


= eee 
eet bps 8h © ta 
re § 


SYLVANIA’S 
NEW 


MOHAWK 
SERIES 


Shallow fixtures in 
24 different stylings 








‘iw widths ... two lengths. . . and 
four distinctive types of shielding. 


This wide selection of styling features, in 
Sylvania’s new Mohawk Series, makes it to- 
day’s most complete line of shallow fixtures. 
The Mohawk Series is designed for surface- 
mounting individually, in continuous rows, or 
according to your own original plan. You can 
select the number of lamps and type of shield- 
ing to create the lighting effect you wish. 

The Mohawk Series has the shallowness you 
need to fit today’s low ceilings. Fixture body 
measures no more than 334” from top to bot- 
tom. Luminous plastic side panels add beauty 
and help reduce contrasts. 

Talk to the Sylvania lighting specialist in 
your area about the Mohawk’s many designed- 
in maintenance and installation features. Send 
the coupon for helpful details. 


SEND COUPON FOR 
INFORMATIVE BOOKLET 


1 
a 


_ 


Syvivania Electric Products Inc 
Dept. K30, Lighting Division—Fixtures 
One 48th Street, Wheeling, West Virginia 


() Please send me your new booklet with complete data on 
the Mohawk Series. 


O) Have a Sylvania lighting specialist call on me. 


Name - Title 





Organization 





Address__ 











LX LE Ts 





LAMPS GIVE 


General Electric fluorescent lamps 


“should live so long”... 


|’ would be most unusual for vou to buy a whole carton of 
24 G-E 40-watt fluorescent lamps to keep a single socket 
supplied. If you should, however, based on the average service 
life of 3 years per lamp, 
for that socket for 72 years 
HOW G-E LAMP UNIFORMITY AFFECTS LIFE Long 


f life—the 


you wouldn’t need to buy another lamp 


until the year 2028 


life w umportant but also 
spread” bet ) the first and last burnouts in a group of 


important is uniformily 
lamps ite | ‘ ar of service in single shift plants an average 
1 neral Electric 40-watt fluorescents will still 
2500 hours of service. In double shift plants, 
burning after a full year! General Electric 
lamps not only live up to their published 
rating 7500 hours life, but have virtually no early failures 


GENERAL ELECTRIC LAMPS SAVE YOU MONEY. Lack 
of early failures can help cut your lighting costs. For example, 
G-E lamp uniformity lets you set up and stick to a group relamp- 


wA 


and they do! 


ing schedule, cutting maintenance costs. Fewer individual lamps 
to spot replac c 

In addition to uniform life, General Electric 40-watt fluores- 
cent lamps on the average are 99.9% free from physical defects 
that could affect performance in service! And they are uniform 
in light output; less than 1% of all G-E 40-watt fluorescent 
lamps are as much as 5% below their published light output 
of 2500 lumens. 

For more information on how you benefit from G-E fluores- 
cent lamps write: General Electric Co., Large Lamp Dept., 
[E-10, Nela Park, Cleveland 12, Ohio 


Progress ls Our Most Important Product 


GENERAL @@ ELECTRIC 
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READ HOW EASY it is to perform difficult visual tasks 
with the new, totally indirect Sunbeam Lighting 1100 
series. The unusually broad distribution of uniform, glare- 
less, low brightness, high intensity illumination produced 
by this pendant Visionaire establishes new concepts of 
visual comfort. With its soft, eye-easy, luminous effect 
and clean-lined beauty, this all-white unit is perfectly 
designed for schoolrooms, offices, drafting rooms and othe: 
areas where the seeing task is critical. 

Consider also the long-range savings available with 
this all-metal, low maintenance Visionaire. Parallel metal 
louvers allow circulating air amen to keep louver and 
lamp surfaces dust free. After mounting easy-to-handle 
fixture frame by “‘hook-on” method, the shielding cradle 


SULbEiy 


Visionaire- 
Pts mine sws3 


hinges into pi: t tools fo O} . 
1100 series relamps from the top withou Ving any 
part of fixture. Units available for use with higher lumen 
lamps, typical of today’s trend. All metal parts are 
Bonderite-treated for lifetime corrosion resistance. Write 
for Bulletin 747 today. 

Sunbeam Lighting Co., 777 E. 14th Pl., Los Angeles 21, Calif. 
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Best Calesman In The Ctore! 


No. RS7900 


Provides the 
efficiency of fluorescent 

_the color rendition of 
incandescent, in a single unit. 


ing. Hinge 
iver offers n 
weight. Can t 
111Ze€S8 SIX OF 
orescent lan ps 
5UU walt incandescent 
ve a glass lens im the 
of the egg-crate type louver 
SPECIAL— Unique Alzak* alumi- 
num reflector controls and blends 
fluorescent and incandescent light. 
No spash of incandescent . . . no 
contrast of fluorescent and incan- 


descent colors on surface of fixture. Above: Garcy No. RS7900 units installed in 
‘ john Wanamaker's, Wynnewood, Pennsylvania 





GARCY 5600 LUMINAIRES FOR LUXURY LIGHTING 


Available with THREE TYPES OF SHIELDING VARIETY IN SIZE AND NUMBER OF LAMPS Ht init t : ++t+4 

















2’ x 2'—Two, three or four lamp rows 
2’ x 4’—Two, three or four lamp rows 
2° x 8'—Two, three or four lamp rows 
ass panel in hinged frame 4’ x 4’—Six, eight or ten lamp rows 











Plastic panel in hinged frame 





~~ 


+» 
+n 


Hinged one-piece louver 











Choice of rapid start 








+t? 7-7-7 


r+ + 4 


+= 
+ oo 


fluorescent or slimline lamps 
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b+ ++ 
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Send for Bulletin—552 L 


GARGY Quality by Design 


Garden City Plating & Mfg Co., 1760 N. Ashland Ave Chicago 22. Wlinois 


In Canada: Garcy Co. of Canada, Lid., 1244 Dufferin Street, Toronto 4 
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Bridge... 


Coffee... 


Television... 


Specify the perfect lighting 


for every activity and mood 


... through LUXTROL Light Control 


Make a special hit with your clients! 

Show them something really new! Bring them face to 
face with lighting convenience they never imagined was 
possible. I UXTROL I ight Control! 


Your clients will be sold on LUXTROL just as soon as 
they see it demonstrated. As soon as you, or they, turn a 
LuxTROL dial to any level of light. From dark to full 
bright! 

With Luxtrot Light Control at their finger tips, 
clients can picture themselves entertaining more 


your 
gra- 


LECTRIC COMPANY 


Enjoying soft, romantic light for dining. Full 
or home movies. 


ciously 
light for cards. Subdued light for T\ 
LUXTROL does away with noisy, old-fashioned on-off 
switches. Controls both incandescent and fluorescent light- 
ing. It is not a rheostat . . . but a cool, efficient, safe auto- 
transformer. Made with precision. Approved by Under- 
And the price is agreeably low. 


writers’ Laboratories 


Consult your electrical contractor for interesting facts 
about this new concept of lighting. We'll send you his 


name . and literature. Mail the coupon. 


oeeeee ee eee eeeeeeeeeeeeew eee eee eee ee eee 


rTHE SUPERIOR ELECTRIC COMPANY 

4106 Demers Ave., Dept. I 

Bristol, Connecticut 

Light Centrol 


area 


Please send me full design data on new LuxTrRot 


and the names of electrical contractors in m\ 


Name 
Street 
City 


Zone State 


eee ewe eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 





ise Of Its TWO-prlece COnstructi 


f 


ist pockets and can be cleaned in a jiffy 
modern, well-lighted classroom with light finishes and 
no shadows shows how harmt 


Note chat 


ul contrasts can be elimi- 


intensity 1s somewhat higher than convent nal 
lassroom installations. Tests have proved that children in a 
lassroom will cuc down intensities as much as 25° as compare i 
in empty room. Thus, the youngsters here benefit by an 
quantity of high quality illumination 


Whether your next lighting iob is a school, bank. library. 
or office 


LITECONTROI 


1 of light, in the ri 


fixtures will give you the 


ght amount, in the right places at 
price. See your local Litecontrol Representative 


DESIGNERS ENGINEERS AND 


on the Pupils 


INSTALLATION: Londonderry School, Middletown 


ARCHITECT. will 


Lynch Murroy & Associctes 
Harrisb 


1g, Pennsylvania 


ELECTRICAL CONTRACTOR: C. ®. Kilgore & Son, Comp Hill, 


Pennsylvania 
DISTRIBUTOR: Douphin Electrica! Supplies Company 
MOUNTING HEIGHT OF FIXTURES: Approximctely 9’-0” 


SPACING: 7'-0” on center 

FIXTURES: No. 6628 2 lamp pendont fixtures, hung on 
12” stems 

INTENSITY: Average throughout room 


55 footcandles in service 


ILI ITE ECON TiR OIL 
S$értures 


KEEP UPKEEP DOWN 
LITECONTROL CORPORATION 


36 PLEASANT STREET. WATERTOWN 72. MASSACHUSETTS 


MANUFACTURERS OF FLUORESCENT LIGHTING EQUIPMENT DISTRIBUTED ONLY THROUGH ACCREDITED WHOLESALERS 
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Fixtures: Holdenline Co., Cleveland, O. 


The use of Corning Pattern No. 70 Lens Panels creates com- 
fortable glorefree light on work surfaces in this modern office. 


Use this lens panel 


for glareproof commercial lighting 


You use Corning Pattern No. 70 to 
deliver maximum light in the useful 
zone with low brightness in the 
glare zone. 

Use it to get better lighting in- 
stallations in stores, banks, offices— 
wherever you want low brightness, 
glare-free light. 

A pattern of hexagonal prisms 
on one surface controls the light. 
These prisms bend light rays down- 
ward creating more useful illumi- 
nation. Light in the near horizontal 
angles is reduced so that surface 
brightness of the panel is low at 
normal viewing angles. 


CORNING GLASS WORKS 


fl CORNING, N.Y. 
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Result is a distribution of emit- 
ted light in a pattern of even illumi- 
nation on the working surface. 

Lightweight—and you can get 
panels up to 100 inches long—for 
one-piece fixtures that eliminate 
dust- and light-leaking seams. 
Water-white crystal, dimensionally 
stable glass. Won't warp, fade, dis- 
Has no dust- 
Cleans 


color, or show age. 


attracting static charge. 
easily. 

For free information about this 
interesting and useful lightingware, 


please use the coupon. 


CORNING GLASS WORKS, 61-10 Crystal Street, Corning, New York 


Panel.” 
Name 
Firm 
Address 
City 


Encsencrnssnamamcanesp-aneqsseenenecesstieuls Ganiapesatinashaanatinnnainaenisuhisdienamentipas 


Please send me Bulletin LS-47A: “New Corning Pattern No. 70 Low-Brightness Lens 


Close-up view of Pattern No. 70, 
@ prismatic crystal lens panel. 
You can get Pattern No. 70 in 
widths up to 34 inches, lengths 
up to 100 inches. 


SUSTAINING MEMBER 


Title 


Zone State 


hidhonencscenanebenen 
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THE ENGINEER 
WAS CORNERED! 


There was a lighting engineer in Des Moines (don't 
ask us his name) on whom we'd never made much 
of a dent. Then, suddenly, he specified Miller Lexing- 


tons for a really big job. 


“| was visiting a client,’’ he told us, ‘‘and noticed 
his office was lighted with Lexingtons. Very attrac- 
tive. Later, | went by the new school to pick up my 
son. Never saw such a well lit classroom! Lexingtons 
again. Finally, on the way home, I stopped to pick up 
a new cord for my wife's iron. The shop had just been 
relighted and really looked wonderful. Lexingtons! 


“By this time, I figured I was cornered. Any lumi- 
naire that’s good enough and versatile enough to do 
such separate lighting jobs just couldn't be overlooked 
So—lI called in your representative, got the facts, and 
specified Lexingtons for my next big job.”’ 

How about your next big job? To find out all about 
Miller Lexingtons, drop us a line—or call your Miller 
representative. 


THE MILLER COMPANY: GENERAL OFFICES, MERIDEN, CONN. 


FACTORIES: UTICA, OHIO—MERIDEN, CONNECTICUT. 
IN CANADA: CURTIS LIGHTING OF CANADA LTD. TORONTO. 


GENERAL CHARACTERISTICS: A direct-indirect fluorescent luminaire, combining a pleasing appearance 
with maximum seeing comfort. 60% of the light is thrown upward into the ceiling to 
produce shadowless, indirect light throughout the room. Downward light is thoroughly 
shielded to prevent direct glare 


AVAILABLE e in two-lamp or four-lamp widths © with stcel or plastic side panels 
e with louvers providing 35°-45° or 45°-45° shielding @ for pendent or surface 
le > mounting @ with top reflector plates for ceiling mounting 


se 


“=. 
~~ IN THESE SIZES: 


THE MILLER eS 4-foot length, for two 48” rapid-start or slimline lamps 
8-foot length, for four 48” rapid-start or two 96” slimline lamps 


- a ‘ " 
a CU lon - SS 4-foot length, for four 48” raid-start or slimline lamps 
8-foot length, for four 96” slimline lamps 
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This G-E development engineer is testing a ballast design for a new fluores- 
cent application. He's a member of the largest ballast development group 


Flora* shows you how... 


General Electric Ballast Design Leadership 


in the industry. The fundamental research which they perform is one 
important reason why G.E. is the leading supplier of fluorescent ballasts. 


Helps You Save Lighting Dollars 


next time you specify 
Pe for a fluorescent 
lighting installation, make sure 


General Electric's design leadership 
has contributed greatly to the vast 
fund of knowledge now available 
and being used by the entire ballast 
industry. 

A recognized pioneer in ballast 
design, G.E. has led in these im 
portant developments: Tulamp 
lead-lag, certified series 96T12, 
trigger start, rapid start, clamped 
core, plastic sign, and dimming 
ballasts. G.E. emphasizes product 
leadership to provide the best bal- 


USER SATISFACTION gets foremost considera- 
tion by G-E ballast development engineers. 
Here a ballast is being checked to make sure it 
willprovide optimum light output and lamp life. 


last value to the user. We have 
never resorted to the temptation 
of lowering product quality to gain 
competitive advantage. Instead, 
we furnish only the best ballasts to 
assure economical fluorescent light- 
ing. We're convinced there is no 
substitute for satisfactory per- 
formance. 

To be sure of top quality ballasts 
with the latest design develop- 
ments, look to the leader . . . Gen- 
eral Electric! 


Five more reasons why 


roa c 


CNERAL 


@ EXCLUSIVE SOUND RATING SYSTEM 


@ SUPERIOR QUALITY CONTROL 
@ LONGER BALLAST LIFE 


@ PRECISE LAMP-MATCHED DESIGN 
@ COMPLETE CUSTOMER SERVICES 


you get the best specify 
General Electric ballasts. 

A G-E ballast tag or sticker on 
your fixture is proof that it’s 
equipped with the best in ballast 
value. It’s the only way to be cer 
tain. For further information on 
G-E ballasts, write Section 401-15, 
General Electric Co., Schenectady 
5, New York. 


*Miss Fivorescent Ballast, G. E.'s Ballast Mascot 
Copyright 1955, General Electric Compony 
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It’s EXTRUDED 
Acrylic Sheet 



































































































Brings you new 






advantages — 







extra strong, 












forms more easily, 












costs less! 








Just imagine 
Acrylic sheets that are 
stronger and lower 

in cost than you've ever 
seen — sheets that 

can be deep drawn to shapes 
never before considered 
practical . . . and you begin to 

get an idea of what you 

can do with Gerlite. Extrusion 
technique makes Acrylic sheets seem 
almost a new material for all lighting and 
sign applications! 


















Years of Gering experimental work are behind 
extruded Gerlite. Years of testing in lighting and 
sign applications prove Gerlite meets every 
requirement! Sheets are 
available clear or colored, to 
54” wide, to .125” thick, 
any practical length. Gerlite can be 

painted or silk-screened easily 

with existing paints now in use. Stands up to weather, 
gives long dependable service. Why not write now 

for full information and prices! 





















Mail Coupon Today! 
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GERING PRODUCTS INC. 
Kenilworth, N. J. 




















Please send me full information on Gerlite. 


EXTRUDED ACRYLIC SHEET 



















Name Title 
GERING PRODUCTS, INC. din ; 
KENILWORTH, N. J. tte en 









City en 









1.E.S. Committees 


Continued from page 7A 


STANDARDS OF QUALITY AND QUANTITY 
FOR INTERIOR ILLUMINATION — To prepare 
standards for illumination levels, brightness 
limits, brightness ratios for interiors, including 


specific visua tasks 1s vel as the genera! 


Glenn A. Fry, Chairman, School of Optometry 


Ohio State University Colur is 10, Ohio 











STORE — T: tudy the application of light and 
ghting to the spaces and processes involved 
in the selling of goods and to report thereon 

( M. Cutler, Chairman, General Electric Ce 
Nela Park. Cleveland 12. Ohio 

Lester Geis, Vice-Chairman, Garden City Plat 
ng & Mfg. Co., 23 W. 47th St New York 


N. ¥ 





Service Station and Parking Areas 
E. H. Schaefer, Chairman, Wisconsin Electri 
Power Co., 231 W. Michigan St Milwaukee 
W ine 


STREET AND HIGHWAY—To establish the 


scientific principles inder! v street and 
highway lighting; t ollect data on the results 
of the application of such principles to actual 
practice to prepare such reports thereon as 
will assist technicians and benefit the publi 

G. K. Glass, Chairman, Detroit Edison (« 

2000 Second Ave Detroit 2¢ Mict 

dD. W Rowten. Vice -Chairmar Westinghouse 
Electric Cory 1216 W Sth St., Cleveland |! 


‘ 1 
r Seburn Secretary Bureau of Hig sy 
Traffic. Stratheor H Yale Universit New 


Haven, Conr 






TECHNICAL COMMITTER FORUM — T; 


rdinate procedures of technical con ’ 
tees and to sponsor a lighting apy ation syr 
wosium at the National Technical Conference 


Kirk M. Reid, Chairman, General Electric (« 
Nela Park, Cleveland 12, Ohic 


TELEVISION — LIGHTING FOR PRODUCTION 
-—- To study and report on the lighting for pr 
luction of television progra 

Walter O'Meara, Chairmar National Broad 


asting Ce ) Rockefeller Pla Ne York 


TESTING PROCEDURES FOR ILLUMINATION 
CHARACTERISTICS —To prepare standard 


est procedures for iminati rracteristics 

of light sources ighting equipment and 
nation materials and to report thereor 

i 2 Kraweek, Chairmar Cronse-Hinds Co 


Syracuse 1, N. ¥ 


Residence Lighting Resource List 
Available from Headquarters 

A 29-page multilithed bibliography, 
compiled by the I.E.S. Committee on 
Residence Lijhting, is available, free of 
charge, in limited quantity from the 
1.E.S. Headquarters, Technical Depart 
ment. The list was compiled especially 
for educators, home lighting advisors and 
students as a guide to current authorita 
tive sources of associated study, research, 
development and recommended practice. 
Titles and a short description of each 
publication are classified aecording to the 
following categories: nature of light, 
light and vision, light sources, luminaires, 
lighting design principles, recommended 
lighting methods, housekeeping functions, 
architecture, interior design and furnish 
ings, color, wiring, and visual and teach 


ng aids. 







ILLUMINATING ENGINEERING 






































F in fixture value with hi 7 
Bi SMITHCRAFT FINISH. 


Smithcraft now adds a new dimension in fixture perfection. The new 
i Smithcraft painting process consists of the finest and most modern 
Bonderite and Baked Enamel Finish combination in use in the lighting 






industry today PR. 

Z 
In addition to its supefior appearance, the new Smithcraft finish has 
these outstanding qualities 


Adheres firmly to metal — 
ing — Provides positive resistance to chemicals and heat — Resists 


Stays white indefinitely, without yellow 













abrasion because of optimum hardness — Reflects a maximum per 
centage of light 

Because the new Smithcraft.finish possesses all these attributes to a 
greater degree than ordinary finishes, it produces many important 
new benefits for owners and users of lighting better appearance 
better lighting qualities, easier maintenance and longer, trouble 


free life 
All the units in the complete and diversified line of Smithcraft com 


mercial and industrial fixtures are now finished with this new process 
Typical is the Sheraton (shown Gbove) a trim, modern unit, only 
3%" deep; the Sheraton is ideal for low-ceiling applications. It is 
available for-two and four-lamps in 4-ft. and 8-ft. lengths Plan 
to use the Sheraton in your next school, store or office design 


= Stent | 


\ Americas Kua | Hoven all light Lindy ; 








Co. of Cana 


1.E.S. Section/Chapter Officers Seanetary 
Continu from pag - J ronto, Ont 


San Jose Chapter — Twin City Section — Midwestern Region 


South Pacific Coast Region 7 eae aay — 
Minne 


Southeast Florida Chapter — 
Ask these Southeastern Region 


questions, too, = 
when you judge 
a fluorescent lamp... 


Utah Section — Inter- 
Chairman WAYNE FI 
Southern California Section — 
South Pacific Coast Region 


: Is your investment 
Vancouver Island Chepter — 


, = tected? "Predests Th 6 E. a6th St, Los Ai 
SS - 1 - Pacific Northwest Region 
Chairman 4 HA 


—_———_— Southern Colorado Chapter — 


- 
s -» 
a Inter-Mountain Region 


W nghouse Fluorescent Lamps P . Ropert F 
her brands you are now using ' t ? } 
: ‘ owe . : . — Virgini hapter — ¢ ntral ion 
sintained brightness, long irginie Chap East Contre Regie 
ypearance. If you are not en- I 
yn all counts, your full purchase 


efunded 


Chairman » N ' er I 


Southwestern Section — 


Southwestern Region 
Western Michigan Section — 


—_ Great Lakes Regi 
, reat Lakes Region 
Is it the correct 

if hairman Ww DA ‘ 
type, size and color ——_— fy aes Power @ Rt 0” ee Stes te 
for the lighting ommerce l . Secretary Wr 


job to be done? 


\M 
Suwanee River Chapter — aie 


Southeastern Region 
Western New York Section — 
A. H. Bruny Georgia Power 


Valdosta, Ga Great Lakes Region 


AntTHur T. CRABTREE Union oO 


se fluorescent family of 290 
rirman By 


Mohawk P 
Buffalo 


luding Slimline and Rapid cores 
: ‘ i ect ipply Ce 7 W. Hill Ave., Val 
pe and size precisely right 
unt and store application. 
Secretary 


even different shades of Tar Heel Section — Southeastern Region ie Pend 
falo 2, N. ¥ 


A. L. Ducker, Jr., General Elec 

jreensboro, N. ¢ 

James A. Lower, Duke Power Co Winnipeg Chapter — Canadian Region 
K-1, Greensboro, N. 


Chairman D J Bourp An 
Tennessee Valley Section — tome Corp 

° innipe 
South Central Region Pen 
Fac Hydro | 
Winnipeg 


Chairman Jo Fow Ler. Joe Willis 
Sales Agency 601 Fifth Ave., Nash 
Tens 

Harry W. Bovreror, 1805 Yankee Chapter — Northeastern Region 


Nashville 4, Tenn 
. Chairman ARTH ( BRODEUR, JR Wes 
From raw materials to finished product, every ction — Canadian Region ern Massachusetts Electric Co., 65 State St 


Westinghouse fluorescent lamp is subjected Springfield, Mass 


GRANT k DAVIDSON Hydro Secretary BARTHOLOMEW ITD BARRY Vt 
University Northern Berkshir Electr Ce 21 Bank 
St North Adan Mass 


to 480 inspections and tests before approval 
wer Commissior 620 


for shipment. 
Ont 


For the full story on how 
to get more for your 





money in fluorescent 


aos OpGnaSe yon 1.E.S. National Technical Conferences 


West inghouse Lamp 


Representative 


September 9-13 Biltmore Hotel, Atlanta, Georgia 


WATCH August 17-22 — Royal York Hotel, Toronto, Ontario 
WESTINGHOUSE September 7-11 Hotels Fairmont and Mark Hopkins, 


San Francisco, California 
WHERE BIG THINGS 











ARE HAPPENING FOR You! 
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how to judge a fluorescent lamp ... point no., 


4 pe r . . 
r You can be sure that the Westinghouse 
ask abo ut a “Dy fluorescent lamp you buy today will exactly 


match the Westinghouse lamp of the 


“~~, same color classification you bought 
. é Se | yesterday or years ago. Two facts guarantee 

Ni A G it. First, to insure strictest uniformity, 
Westinghouse makes all of its own lamp 
phosphors, the tube-coating materials that 
determine lamp color. Second, 
Westinghouse (and only Westinghouse) 
uses “‘drift-free,”” Halo-type Phosphors 
throughout its entire fluorescent lamp line. 


WATCH WESTINGHOUSE 


WHERE BIG THINGS ARE HAPPENING FOR You! 
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esign not 
work 
takes 


ils, direct 


ony 


on glossy things 


ind reflected g n hand, with 
} 


th none too r ecog red exception 
that in the case of work on paper, as in 
offices, drafting rooms, and schools, di 


be we guarded igainst 


rect giare may 
by using a louver ‘ which does 
not guard against giare from 
paper, as in case , vwefore- mentioned 

We are fortunate that advances in 
cheap light production, cheap light 
weight, high light transmission and sound 
absorbing, diffusing plastics and light 
weight supporting structures have com 
bined to make the uniformly luminous 
ceiling economically feasible for places 
where there is sufficient density of room 
occupant it is most needed 
because the t I e the least chance to 
shift their work to giare positions, as 
for example in large offices, drafting 


rooms und schoo rooms 
te that, in addition to 
the i is ceiling’s advantages as an 
ig conditions, it has in 
many cas hiteetural and acoustical 
advante ges may be equally condu 
cive to its selectior 
Yet to be solved are problems of mak 


the luminous ceiling and wall eco 


ing 
nomically available for places where they 
are not quite so much needed, but never 
theless desirable, such as living rooms and 
other rooms occupied by few people, but 


make air travel eesti tyseen sinbeesgAgee > I 


things is done. JAMES R. CRAVATH, 2152 


Ward St., Berkel , Ca 


Perhaps no business or industry is 
‘io more aware of the importance of safety . _ 
& than air transportation. Both planes 
and airports are equipped with every BOUT PEOPLE 
“nnes* practical device to insure safe take- 
offs and landings, and smooth danger-free flights 
en route - 
For years Kopp Lenses have been contributing a tl piers pene marta ny 8 .t 
— 1¢ newly created position of director of 
significant role in safe airport operation. Here Kopp engineering and operations for Fluores 
Lenses display their extreme dependability on every cent Fixtures of California, with his office 


count—accurate beam control, color transmission, in the company’s general offices and 
manufacturing center in South San Fran 


weather resistance and others. 
If the continuous, safe operation of your products 


Mr. Thallon formerly served in the 


cisco. 
depends on lenses, sight glasses, color filters or agin ee ‘ anal 
other glass parts, you can depend on Kopp to mice _e 

provide the characteristics you need. Brooks Chassaing, Sales Manager for 
The Art Metal Co., has announced the 
appointment of the following sales repre 
sentatives. Paul Roth, of Detroit, Mich., 
covering the Detroit and Toledo, Ohio 
trading areas; M. Morin Rivera of New 
Orleans for the states of Louisiana and 
Mississippi and the Mobile, Ala., area; 
D. L. Donelson of Omaha and Harold 


Swissvale, Pennsylvania 
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raski, lowa i 
Charles W. 
estern Penns 
ginia and the 


Harold Muthauser, 


Eleetrie (« 
organizing its Sales Department, has pri 
moted, among others, the following I.E.S 
members: M. I. Allen, Vice President in 
Charge of Sales; P. M. Alden, Sales 
Manager, Residential and Comme 
Sales Dept.; C. C. Shotwell, Assistant 
Sales Manager, Industrial Sales Dept.; 
J. F. Roberts, Manager, Residentia 
Commercial Sales Division; D. S. Bean, 
Assistant Manager, Residential and Con 
mercial Sales Division; R. M. Heot, 
General Supervisor, Municipal Sales Se 
tion; L. Albertson, Supervisor, Sa 


Promotion Section 


The appointment of Joseph G. Carroll 
as manager of the Ken-Rad lamp depart 
ment of Westinghouse Electric Corp., 
been announced Mr. Carroll, fort 
works manager of the company’s 
works in Little Rock, Ark., will make 
headquarters at Owensboro, Ken. It wa 
also announced that Charles T. Nichols, 
manager of the company’s Southern lam) 
plants wi ecome works manager of the 
Little Roek plant in addition to his pres 


ent responsil ties 


Preseolite Manufacturing Corp., Berke 
ley, Calif., has appointed Juan Manrique 
as its sales representative for the Repul 
ic of Cuba. Mr. Manrique has been as 
sociated with the sale of electrical prod 
ucts and lighting fixtures in Cuba sine: 
1943, and in 1554 established his ow: 
manufacturers’ representative firm, wit] 


headquarters in Havana 


Bertrand J. Farrell has been named 
Sales Manager of the Wholesale Division 
of Jefferson Electric Co., Bellwood, Il) 
Mr. Farrell was formerly sales manager 


of the Redmond Co 


The appointment of Frank Bernd as 
Chicago sales manager, with responsibil 
ity for sales operations in Chicago, the 
northern counties of Indiana, northern 
Illinois and eastern Iowa, has been an 
nounced by Curtis Lighting, Ine. For the 
last six years, Mr. Bernd has been sales 
engineer in the company’s Chicago and 


northern Indiana territories 


Raymond M. Waggoner, vice-presi 
dent, Pacific Coast sales, for Hubbard 


and Co., has been appointed vice-presi 
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Packed wit; Quality 


aes 


Long before an L & P fluorescent light fixture is 
laid carefully into its carton—ready for prompt ship 
ment to you—it is “packed” with quality. for quality 
is built right into every L & P fixture, every step of 
the way... from the precision-tooled dies made 
under our own roof to the last turn of a screw on 
our modern assembly line. 


Such quality costs you no more—often less. Why 
not write or wire today for catalog and prices of the 
whole Light & Power line. 


LIGHT & POWER UTILITIES CORP. 





Continued fror 





dent and general manager of Pacific Coast 
operations. His enlarged duties will in 
clude management of the company’s plant 


it Oakland, Calif 


The appointment of Gerdon W. But- 
to the position of St. Louis district 


or Westinghouse Lamy 
ee npg ape enigma 
W make his headquarters at the com 

o pany’s sales offices at 411 North 7th St., 


ithwestern re gion man 


nv’s lamp division 


Kuhlman ectriec Co., Bay City, Micl 
has named Joel H. Watkins as Vic« 
President in Charge of Sales, and Arthur 
V. Hughes as Vice-President and Diree- 

of Engineering ! kins, who 

id joined Kuhlm 

es Manag 


pr ngs 
Hughes, 
is Director o 
oordinate product development 


transformer 





California an 


UNIQUE REVERSIBLE sins Ghe Mita wien dll tnaioe 
SLIPFITTER... d promotio Richard E. Liepold, 


fornia Nevada 


Provides " ' lnho es as San Franesico 


yo: THLE lich Gan ake copious setae? 
AND Momizowta TOBE. ap high yp sie 


HORIZONTAL t San Franciseo. Office Sales Man 


Fred J. Bertolone has been ap 


MOUNTING ¢ wer 


ointed assistant re saies manager. 


Of the good things .. . it’s always Thomas 8S. Ruthe oh formerly with 
said: “Why hasn't someone thought of ee eatiches * i. eer Clhes 
that before?” And that’s what they're saying 
about the New Revere “Endoval”! It’s actually 
two luminaires in one—since it eliminates stock- 
ing one for horizontal mounting and the other for yb . iw Products, Inec., Los An 
10° tilt = endiitnd the Gil fin oll 

But, that isn’t all...the New Revere “Endoval” also has ' ee ee 
a host of other advantages enthusiastically received by light- 
ing engineers everywhere. Everything about the Luminaire is 
precision built! The housing is of precision, die-cast aluminum alloy. 
The reflector is of one-piece W-Modified Parabolic design which offers 
sharp, vertical cut-off and proper I.E.S. distribution patterns without 
the use of lifting prisms. You obtain fullest utilization of lamp output. ‘ 
Reflector cannot be inserted wrong. Perfect alignment assured at all ippointed Charles C. Wetmore as sales 
times cannot work loose . . no tools needed to release it! epresentative for the Worcester-Prov 

Integrally cast “lift-off” type hinge allows easy removal of glass. 

Compression-type, die-cast aluminum alloy holding ring allows for 
expansion and contraction of the glassware without strain. Spring- cester, Mass. Mr etmore h been 
loaded roller latch automatically clamps lens ring and holds glassware sociated with e &1 Electric Sup 
tight — no dust or bugs can enter. . : 

All the above, coupled with lightness in weight, greater strength, 
more attractive size and shape, finer finish, ample wiring area and 
simple terminal connections make the New Revere “Endoval” tops in 
design — tops in performance and tops in value. Investigate today. Desths 
Write for Brochure 700-9. ™ 


Meriden, Con as 


lence territory with headquarters in Wor 


Harry C. Zinsmeister, President and 


REVERE ELECTRIC MFG. CO. « 6009-17 BROADWAY « CHICAGO 40, ILL. Duscster of Pitsburg , ; 
Available in Canada thru Curtis Lighting, Ltd., Leaside, Toronto, Ontario James D’Arey, Jr., W’Arey Elect 


Co., Georgia Section, I.E.S 
J. C. de la Rosa, Toronto Transporta 


tion Commission, Toronto Section, LES. 


Reflector Co 
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SHEFFIELD ANNOUNCES 
NEW EVER-WHITE SHIELDS 
WITH THREE TIMES LIGHT 


EDGE-LITS-Smart new styling fea- 
tures . . . cast aluminum construction, 
satin finish . . . hinged access doors... 
Ask for the “45 line”. 


SURFACE —Cast aluminum, satin 
finish and hinged access doors... flush, 
almost invisible hardware .. . ““sightline” 
inscription panels. Ask for the ‘40 line’. 


RECESSED WALL ~ Protective 
guards or shock-resisting panels . . . cast 
aluminum, satin finish . . . hinged access 
doors. Ask for the “S4 line’’. 


All fixtures available with special word- 
ing and 4”, 6” or 8” letters with red, 
green and white color combinations. 


1353 Willoughby Ave., Brooklyn 37, N.Y 


cOMSUL, 


\ 
j 


“FD 
mc hilben 
AL ght = 


Specif”™ 
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STABILITY, SAME PRICE 
AS REGULAR SHIELDS 


Now you can improve the quality — and saleability — of your 
plastic-shielded fluorescent fixtures at no extra cost. 


Sheffield’s new EVER-WHITE polystyrene shields have more 
than three times the light stability, yet cost no more than regular 
polystyrene shields. Furthermore, these shields are interchange- 
able with existing stocks because color, hiding power, light trans- 
mission and all other properties are identical. 


Because of their light stability and identical quality and cost, we 
are switching our entire production to EVER-WHITE. Here- 
after, your orders for regular plastic shields will be filled with 
EVER-WHITE shields — at no extra cost to you. 


Get the jump on competition by ordering Sheffield EVER- 
WHITE shields now. (If you have no die with us, one of our 
representatives will be glad to show you our complete line of 
stock dies, one of which may meet your requirements. ) 


For fuil details on EVER-WHITE shields, contact your nearest 
Sheffield representative or write to Sheffield Plastics, Inc., Dept. 


61-5B, Sheffield, Mass. 


PHYSICAL PROPERTIES OF POLYSTYRENE 


PROPERTY 2 REGULAR _—EVER-WHITE | 
___ GRADE DE | 





Specific Gravity 1.05 
Tensile Strength, Ibs./sq. in 7000 
Modulus of Elasticity 45x 10° 
| Impact Strength, Izod, ft. Ibs./in. of notch 0.25-0.35 - | 
| Thermal Expeansion, In./in./°C 6-8x 10-5 - | 
Heat Distortion, °F @ 264 o.s.i 183-191 

Light Transmission, in white translucent color | 
| percent 1-70 1-70 

| Color Possibilities Unlimited Unlimited 

| Burning Rate, inches/min l 

| Light Stability index, from octval exposure to 

| light from fluorescent tube 1.0-1.5 > 3.0° 


*Sample still under test 


— 


Precision Engineered Rigid Plastics Extrusions 


SHEFFIELD, MASS. 











EMPLOYMENT SALESMEN-REPRESENTATIVES 


Southwestern & Southeastern terri 


OPPORTUNITIES tories available to men experienced 


in Engineered Lighting to represent 





one of the leading manufacturers of 


ELECTRICAL ENGINEER or Lighting for the church, school, hos- 
ENGINEERING PHYSICIST 


Recent graduate major in illumination eng 
neering and optics for training as assistant ir All replies held strictly confidential. 
photometric department of small but well estal 

lished, employee-owned independent laboratory 


Meas employee benefita including non ontr bu THE NOVELTY LIGHTING CORP. 
tory retirement and profit-sharing. Stock pur 2480 E. 22nd Street 


chase opportunity Work in fields of photo 
radiometri olorimetric and spectro Cleveland 15, Ohio 
tric measurements. determinations and 


nants, materiais 


pital, bank etc. Give full particulars. 





‘ Lip Considerable work with indus 
try and technical societies on standards, spe 





ications testing procedures and _ criteria 
Interesting, important and wide r 
If qualified please send 
and experience stating 
salary requirements, to E. H. Salter 


an 


Cleveland Area Attention 


Testing Laboratories, In 
New York 21 N y re 


worl <a ELECTRICAL ENGINEER 


FOR PRODUCT DEVELOPMENT AND DE- 
ee See SIGN WORK. EXCELLENT OPPORTUNITY 


Sales representative or sales orxanization FOR ADVANCEMENT WITH NATIONAL 
wanted to contact architects, engineers, con 
tractors and electrical distributors to sell na LY RECOGNIZED LIGHTING FIXTURE 
tionally known commercial, industrial and insti MANUFACTURER 
tutional lighting line, meeting today's compe 
tition and tomorrow's future design. We are 
members of the RLM Institute. Due to our Write Full Details in First Letter, Address 
ew accelerated sales program, many new terri 
tories are open (protected We are at press Box 286, Publications Office, Illuminating 
with our 195¢ catalogue whi gn | be ready Engineering Society. 1860 Broadway, N.Y 
: indly contact 

tion Illuminating En 23, New York 
ety, 1860 Broadway, New York 











Factory Representative 
for Lighting Fixture 
Mfr. Northern 


New Jersey Area 


Manufacturer of complete line 
of incandescent and fluorescent 
lighting fitxures offers an ex- 
cellent opportunity for man to 
call on architects, engineers, 
electrical wholesalers and con- 
tractors. 


Factory located in territory .. . 

excellent service and delivery 
. outstanding promotion and 

advertising. 

We have the opportunity for 

the right man to make tre- 

mendous strides. 


Replies held in confidence . . . 
Call or send full details to: 
Litecraft Manufacturing Corp. 
8 East 36th Street 
New York 16, New York 








BRIGHTNESS 
SPECTRA ror meter 
Spectra Meter Now Used by 


Lighting Engineers in 


Aircraft Industry 
Electric Utilities 
Architectural Firms 
Motion Pictures & TV 
Street & Highway 
Departments 
Special Features of Standard Model: — 20 
Extreme Sensitivity Range 
Direct Reading in ft-l 
Locking Microammeter DIRECT READING! All 
Focusing 5° to « operators will obtain the 
Small Angle same reading of the bright- 


Other Models Available ness of & given area. 
For Greater Sensitivity 














Write for descriptive literature, complete speci fi- 
cations and information applying to your par- 
ticular field to: 


PHOTO RESEARCH CORP 


837 N. CAHUENGA BLVD. 
HOLLYWOOD 38, CALIF. 














SALES PROMOTION 
and ADMANAGER 


One of America’s leading 
manufacturers of light- 
ing fixtures is seeking the 
services of a_ topflight 
sales promotion and ad- 
manager, preferably with 
experience in the lighting 
industry. Fine _ starting 
salary and plenty of room 
for growth if you're the 
man for the job. Tell us 
all about yourself—send 
complete resume to Box 
287, Publications Office, 
Illuminating Engineering 
Society, 1860 Broadway, 
New York 23, N.Y. 
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FOR GIMBAL RINGS!° 


New low prices for ATi GIMBAL RINGS mean bigger profits for 
you. And, the adaptability and versatility of these rings mean a 
more desirable line to sell your customers. AT! GIMBAL RINGS 
have many uses with PAR 38, 46, 56 and the NEW 64 sideprong 
lamps as well as the R30, R40 and PAR 38 screwbase lamps. 





GIMBAL RING 
for PAR 38, 46, 56 
and the NEW 64 
sideprong lamps 


GIMBAL RING 
for R30 and R40 
and PAR 38 screw 


base lamps (43 


WRITE + WIRE + CALL FOR DETAILS 


Alexander-Tagg Ind. inc. 


HATBORO. PA OSBORNE 5-7200 





THE ALL-NEW I.E.S. 
Recommended Practice 


for 
OFFICE LIGHTING 


Now ready in booklet form. Order copies now for 
your customers and contacts. Be the first with the facts 


on this vital subject. Single copies, 50¢ 


Publications Office 
ILLUMINATING ENGINEERING SOCIETY 
1860 Broadway, New York 23, N.Y. 





An Inconspicuous 
Light Source... 


. describes Wiley’s new Zephyrs. Their beautiful 
unadorned lines harmonize so well with any decor 
that you're unaware of the source of light. Their wafer- 
like thinness makes them ideally suited to installa- 
tions where recessed fixtures cannot be used. 

They may be arranged end to end, side by side to 
form squares, rectangles, borders. They may be mount- 
ed flush or suspended. You may have your choice of 
shielding: louvered (molded one piece polystyrene 
grid, metal egg-crate) or glass ‘Corning flat or curv- 
ed lens). 

Erection is simple, requiring only minutes. Patent- 
ed E-Z servicer simplifies maintenance. Fixtures meas- 
ure 12" x 48” and are only 3!" deep. E.T.L. certified 
electrical components are used 











NEW 


TRADITIONAL 


CATALOG 


featuring period 
lighting for 
churches now 
available. 


Full Color 
Reproductions 
of gothic, roman- 
esque, colonial 
coordinated units 
are accompanied 
by detailed draw- 
ings and specifi- 
cations. This cata- 
log is the twin to 
our popular con- 
temporary cata- 
log II released 
this year. Get 
your 


Design Relationship 
combined with engineering know 
how make Manning Lighting out 
standing for churches and publi 


buildings. Minor location units are FREE COPY 


matched to main lighting for an by requesting 
traditional cata- 
log IT on your 
letterhead today. 


-A.MANNING co. 


harmonious appearance. Use our 
service for new lighting or relighting 


Be 
Ko 
Sustaining Member 
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PIONEERS IN 
FLUORESCENT LIGHTING 


R&W Atal INC. 


DEARBORN AND BRIDGE STS. BUFFALO 7, NEW YORK 


NOW! 


a new wall 
mounted 
prismatic 
lighting unit 


PERFECLITE ° 


eldeal for entry-ways, vestibules, exterior loca- 
tions. 


e Completely weatherproof. 
e Hinged on one end for easy relamping. 


e Single captive closure screw holds glass firmly 
in place. 


e Glass frame and backplate are gasketed. 


e Prisms on face direct light in vertical plane 
giving controlled illumination. 
Approved by Underwriters Laboratories 


Ayoeeia §6THE PERFECLITE COMPANY 


1457 East 40th Street, Cleveland 3, Ohio 

Please send me the Perfeclite Data Sheet 56-B for complete 
information 

Name 


THE MARK OF Address 
GATING SERVICE . 
— City 











INTRODUCING 


NOVELTY’'S NEW 


RECESSED 1100 LINE 





Corning Wide 


Spread 
Control Lens 


SPRING HINGE DROP FACE 
CONTROL LENSES 
CHOICE OF GLASS STYLES 
NEW LOW PRICE 


APPROVED BY UNDERWRITERS’ LABORATORIES INC. 


Corning Asymmetrical 


Corning Lensed Lenslite 


Bowl 


Architectural Cast 


Flat Prisalite Glass Glass 


WRITE TODAY FOR FOLDER NO. 215 


Also available 
im@eltisleome- tale 


aon t-Taleltil- talaalele lit 


Designers and Manufacturers ... Since 1905 


THE NOVELTY LIGHTING CORP. 


2490 EAST 22nd STREET CLEVELAND 15, OHIO 
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ALBA 
HI-LITE 


Surface Lighting With Beauty in Design 


Alba Hi-Lite offers 10 distinctive, clean-cut styles. Perfect 
for executive offices, board rooms, banks, specialty shops, 
private clubs, restaurants, institutions, et wherever 
beauty as well as good lighting are desired 

Bent, ribbed Alba-Lite panels for beauty of simplicity 

for life and punch. Provide comfortable surface brightness 
with above-average lumens per watt 


Fixtures are one-piece die-formed 20-gauge cold 
rolled steel channel, finished in baked white 
enamel. Uncluttered by frameworks. Require only 
half the usual stems Use surface or pendant, 
alone or in lines, 2 or 4 lamp, 2, 4, 6, or 8-ft. lengths 
ior any lamp or ballast. Easy to lay out easy 
to hang easy to Maintain 


NORTHERN LIGHT 


Cc OM PAN Y 


Write for bulletin 
121, or see your 
electrical whole- 


1 ww ! L Ww A u 7 = ia 
eene 1661 N. WATER ST. 





eae aaate SQUARE 
bees bem SQUARE 


with the patented 
INTER-PLANE 


BB inter-Plane Lock makes 
it easy to align with room or 
ceiling pattern. 


ww The only flexible joint that 
alwoys returns to perfect align- 
ment despite jars or vibrations. 


Write today for free folder 


BAKER-BARKON CO. 
1335 $. W. Morrison Street, Portland 5, Oregon 
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For the best in 
controlled lighting, 
KLIEGL sets the standard! 


William Pahlmann elegance for Du Pont 
Textiles, KLIEGL Lighting to show then 
true colors and provide correct illumination 
are combined in the beautiful Du Pont Show 
room in the Empire State Building, New York 


Wall washers (#2175) provide the light 
ing for pictures and a screened panel, faced 
with a brilliant Dorothy Liebes split-bamboo 
blind. For general lighting, Regressed Lens 
units (32224). Dimmer controls are used on 
center table lighting unit. 


This is a typical installation using Kliegl 
Lighting fixtures to provide harmonious, elf 
ficient illumination minus glare or eye strain. 


Send for Architectural Lighting Catalog 
A-11, describing these, and many other, mod- 
ern lighting fixtures, etc. 


/ KLIEGL BROS 


Lig Al Ung 


» 321 WEST SOTH STREET, NEW YORK 19, N_Y 





Now...a luminaire that operates 
in freezing temperatures! 


The new Westinghouse LT operates in low or variable temperatures — making 
it ideal for lighting cold storage warehouses, food lockers, shipping platforms 
and marquees. 

Designed in cooperation with the Refrigeration Institute, the Westinghouse 
LT luminaire gives low heat output and high light output. A clear, ribbed 
plastic enclosure protects the lamp from air currents to insure maximum 
efficiency of the F72T-12, 100-watt, rapid-start lamps. In addition, the LT’s 
porcelain finish resists corrosion in moist atmospheres and enhances its ap- 
pearance. Why gamble with fixtures that were designed for other purposes. 

Doesn't the LT suggest an application to you? 

For real lighting quality, specify the Westinghouse LT luminaire. 

See your Westinghouse distributor or write, Westinghouse Electric Corp., 
Lighting Division, Edgewater Park, Cleveland, Ohio. 

Look for other new Westinghouse lighting products . . . soon to be announced! 


WATCH WESTINGHOUSE! 


COVER THE PRESIDENTIAL CAMPAIGN ON CBS TELEVISION AND RADIO! 
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Today’s RLM “Specs” for 
Industrial Lighting Units are 


HIGHER THAN EVER BEFORE! 


Back in 1919, when the first rtm Dome Reflector Speci ation 
was established, if someone had suggested that someday indus- 
try would require a lighting unit which directed 20%-30% of its 
light toward the ceiling—there would have been quite a few 


raised eyebrows. Yet, today 20%-30% Upward Light is an 


accepted factor contributing to better 
seemg in modern factories . . . while the 
basic RLM Dome is still indispensable 
in many industrial applications. 


Through the years. RLM Standards for 
quality in lighting equipment perform- 
ance and construction are keeping pace 
with industrial lighting progress. lo- 
day. both the first and latest types ol 


rypical HIGHER-THAN-EVER 
RLM SPECIFICATIONS 


for incandescent and fluorescent units: 


| @ New High Reflection Factor @New High Light Output 


for fluorescent units: 
@ All-White Porcelain Enamel! Reflectors 
@ Upward Light for more Brightness Control 
@ New Shielding 


s for less Lamp Glare 


units are covered by HIGHER THAN EVER RLM SPECIFICATIONS 
. and so are 34 other incandescent and fluorescent units for 

which rtm Standards have been established. 

It is especially important for you who buy, use, specify or 

sell industrial lighting equipment, to take advantage of these 


higher-than-ever specs. More than ever 
before, they contribute to uniformly 
satisfactory industrial lighting equip- 
ment performance. The 1956 Edition 
RLM Book brings you all the newly- 
established and revised RLM Specifica- 
tions. Get your free copy from: RLM 
Standards Institute, Suite 823. 326 W. 
Madison Street, Chicago 6, Illinois. 


R-1464 
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GRATELITE* 


Louver-Diffuser 


1i0) 312 name in lighting since 1902 


THE EDWIN F. GUTH Ase) 1) bf 


Pang ST..LOUIS 3, MISSOURI 
*®U. S. Pot. No. 2,745,001 
Canadian Patent Pending 





